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PROVISIONAL SPECIFICATION 

Invention Title: \ 

A low molecular weight, non-proteinaceous compound that 
inhibits mitogen induced cytokine production 



The invention is described in the following statement: 



A low molecular weight, non-proieinaceous compound that inhibits mitogen induced 

cytokine production, 

FIELD OF THE INVENTION 

The present invention relates to new compounds which inhibit LPS induced production of TNF-a and/or IL-la. 
The compound may be isolated from urine of patients suffering from steroid responsive nephrotic syndrome or 
can be chemically synthesised. The compound has application in the treatment and/or prevention of Gram 
negative septic shock. 

BACKGROUND OF THE INVENTION 

Despite immense efforts over the last decade to reduce the mortality from endotoxicosis consequent to sepsis, 
gram-negative septic shock kills over 1 50,00'0 people each year in USA alone. 

Endotoxin [also knowTi as lipopolysaccharide (LPS)] is the major constituent of the outer membrane of Gram- 
negative bacteria. They cause a variety of pathophysiological effects in human and experimental animals. 
Bacteria release endotoxin when in circulation, causing the release of a number of pro-inflammatory cytokines. It 
is noteworthy that the use of antibiotics results in bacterial death, and release of endotoxin. This in turn may 
exacerbate the problem by overwhelming the immune system, leading to shock. 

Huge amounts of money have been spent in developing new therapeutic agents, including antibodies against 
endotoxin, soluble tumour necrosis factor (TNF) receptors, and synthetically produced antagonists of endotoxin. 
The failure of the anti-endotoxin antibody HAIA trial seems to have been mainly due to the fact that these 
antibodies were not able to neutralise the toxic effects of endotoxin. 

Polym>'xin B, a cationic cyclic peptide antibiotic, which inhibits the biological effects of endotoxin through its 
high affmit}' binding to lipid A, has also been tested as a potential therapeutic candidate. However its use is 
limited by its high toxicity. Unfortunately none of tliese agents have proved particularly beneficial. 
The young and geriatrics are more susceptible to bacterial infection with high mortality. These failed trials 
demonstrate the pressing need to develop effective, bioavailable therapeutics. 

Steroid Responsive Nephrotic Syndrome is the most frequent nephrotic disorder in children, where 5-10 gram 
of serum albumin can be excreted in urine over a 24 hour cycle. 

The kidney has been shown to function both as a size and a charge selective barrier (Rennke, 1978; Chang, 
1975). The glomerular basement membrane (GBM) and the foot processes of the epithelial cells have been 
shown to be covered by glycoproteins bearing negative charge (Andrews, 1979; Michael, 1970). The charge 
selectivity of the glomerulus has been attributed to fixed anionic sites, shown to be essentially heparan sulphate 
(Kanwar and Farquhar, 1979; Kanwar et al. 1980). In experimental animals, increased permeability to serum 



proteins, in particular serum albumin, is associated with the reduction in the number of fixed anionic sites 
(Caulfield, 1976; Caulfield and Farquhar, 1978). 

The aetiology and pathogenesis of Steroid Responsive Nephrotic Syndrome (SRNS) also known as Minimal 
Change Nephrotic syndrome (MCNS) are unknown. SRNS is the most frequent form of nephrotic syndrome in 
children with the peak incidence at 3-5 years of age. Patients with SRNS characteristically have normal 
glomerular filtration with little or no change observed in kidney biopsies under light microscopy (Mallick, 
1991; Adamson et al. 1986). However, the fusion of the foot processes are only observed with the use of 
electron microscopy (Powell, 1976). Focal Segmental Glomerular Sclerosis (FSGS) shares many clinical and 
pathological features with SRNS (Yoshikawa et al. 1986; Yoshikavva et al. 1982), and its peak incidence 
occurs in older children and young adults. FSGS is thought to be the end stage renal disease form of SRNS, 
and patients with FSGS do not often respond to steroid treatment (Schena and Cameron, 1988). 
Robson et al (Robson et al. 1974) were the first to suggest that loss of charge might be responsible for high 
albumin excretion and that in SRNS this charge barrier may be reduced. Bohrer et al (Bohrer et al. 1978) 
clearly demonstrated that charge plays an important role in glomerular filtration by infusing rats with neutral, 
anionic and cationic dextran of various molecular weights, showing that for a given molecular size, the neutral 
and the positively charged molecules were filtered at a greater rate. 

Shalhoub (Shalhoub, 1974), on the basis of the following clinical observations suggested that in SRNS 
patients, circulating factors resulting fi-om a s)^stemic abnormality in T-cells may play an important role in the 
pathogenesis of the nephrotic s\Tidrome. 

1 . Association of the remission of lipoid nephrosis with natural measles 

2. Induction of remission by steroids that is prolonged by treatment with cyclophosphamide 

3. Occurrence of similar glomerular disorders in Hodgkin and non-Hodgkin's lymphoma diseases. 

Wilkinson et al (Wilkinson et al. 1989) showed that in vivo infiision of plasma fi^om patients with SRNS into 
rabbits, reduced anionic sites in the GBM with a concomitant increase in proteinuria. Serum from patients with 
recurrent FSGS in renal allograft also caused proteinuria (Zimmerman and Mann, 1984). As early as 1975, 
Lagrue et al (Lagrue et al. 1975) reported the presence of a vascular permeability factor (VPF) produced by the 
peripheral blood mononuclear cells (PBMC) from SRNS children stimulated in culture with concanavalin A 
(Con A). Furthemiore, Tanaka et al (Tanaka et al. 1992). also showed that supematants of cultured PBMC 
from children with SRNS and FSGS, after stimulation with Con A, caused proteinuria and a decrease in the 
fixed anionic sites in the GBM. A number of groups have investigated this phenomena and the current 
consensus is that VPF is a heat labile, pepsin-sensitive protein or glycoprotein of approximately 12kDa 
produced by T l>Tnphocytes (Sobel et al. 1977; Heslan et al. 1986). Tomizawa et al (Tomizawa et al. 1985) 
reported that low molecular size plasma fractions from active SRNS patients had an inhibitory effect on the 
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production of VPF when added to isolated lymphocjtes from patients that were previotisly sho^vn to produce 
this penneability factor in culture. However, the production of VPF has been shoxvn to be associated with other 
nephrotic syndromes such as IgA nephropathy. It was therefore concluded that VPF may not be directly related 
to tlie increased glomerular permeability (Bakker et al. 1982). 

5 

Studies by Matsumoto el al (Matsumoto et al. 1984) hav^ revealed abnorntahttes in the cellular immune 
system, followed by evidence illustrating impaired T-lymphocyte colony formation in lipoid nephrosis 
(Matsumoto et al. 1985). Further evidence for immune abnormalities of lymphocytes (Sasdelli et al. 1980) and 
the function of T-cells, such as depressed lymphocjte blast fonnation with some T-cell mitogens (foder et al. 
10 1982) were also pro\aded. 

The hypothesis that loss in the regulation of immune response, stimulated by an unknown antigen(s) is 
responsible for the pathogenesis of SRNS is further supported by the presence of soluble immune response 
suppressor (SIRS), in the urine and sera of SRNS patients. SIRS are a family of proteins that can be produced 
by interferon (IFN) or ConA activated suppressor T lymphocytes (Schnaper et al. 1984; Cheng et al. 1989; 
Schnaper and Aune, 1 985; Schnaper and Aune, 1 987). 

TlTe inventor's initial work on the nephrotic disorder. Steroid Responsive Nephrotic Syndrome concentrated on 
the purification of a postulated circulatonr highly cationic protein (Levin et al. 1989) that was said to neutralise 
negatively charged heparan sulphate leading to proteinuria. Given the fact that Heparan sulphate is the major 
glycosaminoglycan coating the glomerular basement membmne. producing an electrostatic charge barrier, the 
concept of a circulatory highly cationic protein was an attractive one. 

Tlie established methodology for the detection of glycosaminoglycans (GAGs) was based on the precipitation of 
highly anionic GAGs with cationic dyes and detergents. The methodology developed by Whiteman (Whiteman. 
1973; Whitemen. 1973) with minor modifications (Levin et al. 1989) using the cationic dye Alcian Blue for the 
precipitation and quantification of GAGs was used for the detection of this hypothesised cationic protein. A 
successful purification procedure from the urine of children with SRNS was established where the presence of 
the cationic protein in the chromatographic fractions was detected using this methodology. 

SDS-PAGE analysis of this protein showed two bands, a 50kDa and a 25kDa molecular weight band, under 
reducing conditions (Fig 1). The amino acid sequencing data from these bands suggested that the purified 
protein was of inunanogtebuiin origin (not shown). 

During purification of the hypothesised cationic protein, the present inventor discovered that the urine from 
these patients contained an inhibitor of LPS, demonstrated by utilising the Limulus Amoebocyte Lysate (LAL) 

assay system. 
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This factor was named "Nephronin" to reflect the source and the origin of the material. 

Table 1 shows a typical endotoxin neutralising experiment performed for Nephronin utilising the LAL assay. 
5 This activity was associated with a low molecular weight, non-proteinaceous, heat stable molecule that could 
also agglutinate Gram-negative bacteria. 

Preliminar>' studies have showoi that Nephronin inhibits c>1;okine production in LPS-stimulated monocytes and 
fibroblasts. This combination of low molecular mass and heat- and protease-stability suggests that Nephronin 
10 could have potential as a therapeutic agent for sepsis. 

Lipid A is the most conserved region of LPS and is responsible for virtually all of the toxic activities of LPS. 
LPS stimulates a range of cells, most notably macrophages (M0), to sjTithesise cjlokines including interleukin- 
la (IL-la), interleukin 6 (IL-6) and tumour necrosis factor-a (TNF-a) (Calandra et al. 1990; Loppnow et al. 
15 1990; Bendtzen, 1988). Picomolar concentrations of LPS have been sho^^^l to induce TNF-a production 30-60 
minutes after intravenous injection of LPS (Beutier and Cerami, 1986). 

It has been shonn that certain serum proteins can enhance the cytokine stimulation abilit\' of LPS (Obayashi et 
al. 1986; Warren et al. 1986). Tobias has reported the discovery of a 60KDa acute phase LPS binding serum 
glycoprotein synthesised by hepatocytes (Tobias et al. 1986). This LPS-binding protein (LBP) binds tightly to 

20 the lipid A region of LPS (Tobias et al. 1989). LBP has been shown to have a high amino acid similarity' with 
bactericidal/permeability-increasing protein (BPI) (Gray et al. 1989). However, despite their similarities in 
amino acid sequence and their ability to bind to LPS, LBP and BPI have significantly different biological 
consequence (Ule\itch and Tobias, 1994). LBP greatly enhances the biological effects of LPS, by reducing the 
threshold for LPS's eftect by 1000 fold, and the rate of cytokine production is also markedly accelerated 

25 (Ulevitch, 1993). In contrast BPI inhibits the ability of LPS to stimulate cells. Furthermore, when in contact 
with intact bacteria, BPI has a bactericidal activity, whereas LBP acts as an opsonin. 

A number of researchers have reported the presence of an 80KDa LPS binding protein on the plasma 
membranes of a variety of endotoxin responsive cells (Lei and Morrison, 1988). Tobias ei al have provided 
more conclusive evidence for the binding of a LPS-LBP complex to a 50-55KDa glycosylphosphatidjd inositol 

30 (GPI)-anchored membrane glycoprotein expressed on myeloid cells (membrane CD 14; mCDl4) (Wright et al. 
1990) and to a soluble fonn. lacking the GPI anchor (soluble CD 14; sCDl4)(Bazii et al. 1986). Lee et al have 
clearly shown the importance of CD 14 in controlling LPS responses and have provided evidence that LPS 
exerts its effects via CD 14 -dependent pathways (Lee et al. 1992). The same group has also provided evidence 
suggesting that binding of endotoxin to cell surface CD 14 is followed by subsequent interactions with 

35 additional membrane protein(s) that initiate trans-membrane signalling (Lee et al. 1993). It is of interest that 
mCD14, a GPI -anchored protein that does not directly communicate with the cell interior, can mediate trans- 
membrane signalling. 



The inhibition of LPS by Nephronin in the LAL assay is thought to be due to the chemical modification of the 
lipid A moiety by Neplironin. This interaction may in turn prevent the binding of LPS to LBP, thereby 
inliibiting c>lokine production by M0 and other LPS responsive cells. 



SUMMARY OF THE INVENTION 

hi a first aspect the present invention consists in a non-proteinaceous compound isolatable from the urine of 
patients suffering from steroid responsive nephrotic syndrome, the compound having the following 
characterising features: 

(i) a molecular weight less than 1 KDa; 

(ii) binds specifically to heparin and heparan sulphate but not other glycosaminoglycans; and 

(iii) inhibits LPS induced production of TNF-a and/or IL- 1 a. 

In a second aspect the present invention consists in a compound having the general formula: 

C (CH2)„ COQ- 

I 

R CO O C (CH2)„ COO- 

I 

C (CH2)„ coo- 
in which R is a carbon chain of up to 22 carbon atoms which be saturated or unsaturated, branched or cyclic, 
n may be the same or different and is an integer of 0 to 10 
and pharmaceutically acceptable salts and derivatives thereof 

In a preferred embodiment of the present invention R is CH3 or CH3(CH2)n where n is 1 to 18, preferably 1 to 8. 

In a third aspect the present invention consists in a composition comprising the compound of the first or second 
aspect of the present invention and a pharmaceutically acceptable carrier. 

In a fourth aspect the present invention consists in a method of treating, preventing, or reducing the risk of 
Gram negative septic shock or another disease state invohdng elevated c}^okine levels in a subject comprising 
administering to the subject an effective amount of the cpmposition of the third aspect of the present invention. 



In a fifth aspect the present invention consists in a method of treating, preventing, or reducing the risk of viral 
in a subject comprising administering to the subject an effective amount of the composition of the third aspect 
of the present invention. 

hi a preferred embodiment of the fifth aspect of the present invention the virus is Herpes \irus or HIV. 
DETAILED DESCRIPTION 

In order that the nature of the present invention may be more clearly understood preferred forms thereof will 
now be described with reference to the following non-limiting Examples. 

Materials and Methods. 

Chemicals 

All chemicals were purchased firom Sigma Aldrich, unless otherwise stated. 
Purification of the factor 

Urine, from SRNS patients in relapse, was collected in untreated clean 24-hour collection bottles. The urine 
bottles were then stored at -20°C until used. The protein content of urine samples was determined using 
Multistix SG (Bayer Diagnostic UK LTD, Basingstoke, Hampshire, UK). Urine samples with protein content of 
3+ Avere used for the purification of the factor. 

Up to 2 litres of urine was thawed, concentrated and dialysed extensively against milli-Q water using an 
Amicon spiral cartridge concentrator/filtration system with a cut-off of 10,000 dalton. The concentrated urine 
was then fi^eeze-dried and the lyophilised powder resuspended in 0, IM ammonium acetate buffer pH 9.0. The 
pH of the sample was then adjusted to pH 9,0 with a solution of 10% ammonium hydroxide. The resuspended 
sample was centrifuged at 30,000g for 20min. at 4°C, prior to column chromatography. 

The clear supernatant was loaded onto a 300 ml Fast-Q Sepharose column (Pharmacia, St Albans, Herts, UK) 
previously pre-equilibrated with 0. IM ammonium acetate buffer pH 9.0 at 4*^0. 

The column was run isocratically at 4'*C. Material eluted unbound to the column under these conditions were 
pooled and fi^eeze-dried. The bound material was eluted fi-om the column with 2M NaCl in the same buffer and 
discarded. 

The freeze-dried material was then resuspended in 20-50 ml of O.IM sodium citrate pH 3.5. The pH of the 
sample was adjusted to pH 3.5 with IM citric acid. The resultant cloudy solution was centrifiiged at 30,000g for 
20min at 4**C and the clear supernatant was then loaded onto a Hiload 26/10 S-Sepharose high performance 
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column, previously pre-equi libra ted with 0AM sodium citrate pH 3.5. The sample was loaded onto the column 
at 2ml/min, followed by isocratic elution of unbound material by 0.1 M sodium citrate until the base line was 
achieved. The bound material was eluted with step elution of 10, 25 and 100% of the same buffer containing 2M 
NaCl and 5 ml fractions were collected. Fractions eluted with the 25% salt step (0.5 M NaCl in 0.1 sodium 
citrate) were pooled and dialysed extensively against milli-Q water. 

The pooled material was then freeze-dried and the lyophilised material was resuspended in 0. IM-ammonium 
acetate pH 9.0. The pH was adjusted to pH 9.0 with a solution of ammonium hydroxide and was then loaded 
onto a Q-Sepharose column. Under these conditions, the majority of the material bound to the column. After 
loading the column with the sample, the column was washed with at least 4-coIumn volume of water. Finally 
the bound material was eluted as a single broad peak with 3.0% formic acid. This material was freeze^ied 
several times to remove the formic acid buffer. The lyophilised material was resuspended in water and pH 
adjusted to neutral with a 10% solution of ammonia. 

This material appeared to be non-proteinaceous, since standard protein estimation assays failed to show the 
presence of any protein. This was further confirmed by the fact that this material did not absorb at 280nm. 
Spectral analysis showed maximum peak at approx 205-2 15nm. 

Cellulose acetate electrophoresis 

Flat-bed cellulose acetate electrophoresis was used for the detection of material that might bind to different 
glycosaminoglycans and inhibit their migration. Cellulose acetate (Sartorius Limited, Epsom, Surrey, UK.) 
sheets of 1 5cm by 7.5cm were pre-soaked in the running buffer, 0. IM Barium acetate pH 6.9. The excess buffer 
was removed from the acetate sheet by placing the sheet between two sheets of tissue paper. The sheet was then 
positioned in the electrophoresis tank and 0.1 units of glycosaminoglycans, in a volume of up to 1 jil, was 
loaded onto numbered positions no more than 2 mm in diameter on the cellulose acetate sheet and dried under 
the heat of a lamp. 

To test the binding ability of the samples (factor) to GAGs, in particular heparin, generally up to 2^1 of each 
sample was loaded on to the GAG spot and dried under the heat of a lamp. However, in cases where the 
samples were particularly dilute, up to lOfxl of each sample was loaded onto each spot in 2^1 aliquot. The spots 
were dried under a lamp prior to further loadings. 

Cellulose acetate electrophoresis was performed at 60 volts for 3 hours towards anode. 

The GAGs on the cellulose acetate sheet were then visualised by staining with a solution of Alcian Blue 8GX 
(0.05% Alcian blue in 50mM sodium acetate pH 5.8 containing 50mM MgCj2). The excess dye was washed 
from the cellulose acetate sheet with a solution of 5% acetic acid. The cross-reacti^^ty of the GAGs with the 
samples was assessed by the inhibition in migration compared with the migration of untreated corresponding 
GAG. 
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Fig 2 shows the specific binding of Nephronin to Heparin and heparan sulphate but not chondroitin and 
dermatan sulphate. This is demonstrated by the inhibition in migration of these glycosaminoglycans. 
The inhibition in migration of heparin and heparan sulphate is ascribed to specific interaction of 
Neplironin with these molecules, rather than on the basis of charge, since all these molecules are highly 
5 negatively charged. 

Endothelial cells, 

Endotlielial cells were obtained from human umbilical veins by collagenase (0.1%) digestion as previously 
10 described (Jafle et al. 1 973) and modified by Klein et al (Klein et al. 1 993). 

Histochemical studies 

Endothelial cells were grown to confluence on gelatinised cover slips. Once confluence was achieved the cover 
15 slips were removed and the cells were washed with phosphate buffered saline (PBS) at 37°C. The cells were 
then fixed with 4% paraformaldehyde in PBS solution. For specific staining of heparan sulphate, the staining 
procedure was performed at pH 1.9. Under these conditions all proteinaceous material is positively charged, 
whilst heparan sulphate moieties remain negatively charged. 5nm goldrconjugated poly-L-lysine probe particles 
(Biocell Research Laboratories, Cardiff, UK) were used for specific staining of heparan sulphate, based on 
20 charge interaction, essentially as described by the manufacturers. The cells were counter stained in Meyer's 
Haematox>'lin for Imin prior to mounting in Aquamount (BDH, UK). 

Coagulation studies 

25 Extrinsic, UPTT and intrinsic, KPTT were performed as directed by the suppliers (Diagnostic Reagents Limited, 
Thames, Oxon, UK). Commercially available Kits for the determination of heparin like molecules based on the 
antithrombin III activity for the inhibition of thrombin formation were used for the measurement of the factor, as 
directed by the suppliers (KABI Diagnostica, Supplied by Quadratech, Surrey, UK). 

30 SDS-PAGE 

Polypeptides were separated by SDS-PAGE [Laemmli, 1971 #72], electroblotted on to nitrocellulose sheets 
(Towbin et al. 1979). The blotted protein bands were visualised on the nitrocellulose sheet with amido black 
staining solution [0.2% (w/v) amido black, 25% (v/v) isopropanol, 10% acetic acid], and de-stained in the same 
35 solution without dye. 

The protein bands were sent to Ludwig Institute for Cancer research. Riding house street, London, UK, for end 
terminal amino acid sequencing. 
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Thin layer chromatography and staining for peptides, lipids, carbohydrates and oligosaccharides were performed 
as previously described (Dawson et al. 1 986). 

Protein estimation was carried out using the Bradford method (Bradford, 1976). 
Characterisation of Neithronin 

Purification of the hypothesised circulatoiy highly cationic protein clearly showed that this protein was of 
immunoglobulin origin (Fig 1). and that its existence was an artefact. However, there is a considerable amount 
of e\idence to suggest that the proteinuria in nephrotic syndrome is due to a reduction in the negative charge of 
heparan sulphate on the glomerular capillary wall, brought about by a circulatory factor. During the search for 
the cationic protein, a number of assay methods for the detection of heparin binding molecules were developed. 
A method for detecting Nephronin, was to use a one dimensional cellulose acetate electrophoresis, that is often 
used in the characterisation of GAGs (Klein et al. 1992). However, the data obtained using cellulose acetate 
electrophoresis must be treated cautiously, since false positive data can be obtained with high concentrations of 
salts, including sodium citrate. 

Using the modified Cellulose acetate electrophoresis for the detection of a heparin binding factor, a factor was 
isolated from the urine of children with SRNS, that binds to and inhibits the migration of glycosaminoglycan, 
heparin. Further studies for the specificity of this factor for binding other GAGs, clearly showed that this factor 
only inhibited the migration of heparin and heparan sulphate but not other glycosaminoglycans on cellulose 
acetate electrophoresis (Fig 2), 

Nephronin was found to be highly negatively charged based on its tight binding to anion exchange columns (Q- 
column) at neutral pH. As well as the cellulose acetate electrophoresis for its detection, thin layer 
chromatography was performed for the identification of various components associated with Nephronin during 
the purification procedure. Staining of this factor for peptides, carbohydrates and lipids at various stages of 
purification clearly demonstrated that Nephronin was tightly bound to lipids. The lipid contamination proved to 
be a great obstacle in the purification of Nephronin, and for a long period the Heparin/heparan sulphate binding 
ability of Nephronin was ascribed to the lipid entity. 

Standard chloroform/methanol extraction for the separation of the lipid entit>', resulted in a huge reduction in the 

activity of the factor, with the active material in the aqueous layer free from the lipid entit^^ 

Nephronin was then further purified by a number of other chromatographic techniques and the active fi-actions 

retained on the basis of their binding to heparin and inhibition of its migration on cellulose acetate 

electrophoresis. 

During the purification of Nephronin, amicon stirred cell ultrafiltration with membranes of 30, 10 and IkDa cut 
off \vere used. These studies indicated that Nephronin had a relatively large molecular weight. However, under 
reducing conditions, Nephronin was found to pass through membranes with a cut of IkDa. Gel filtration studies 
under reducing conditions also indicated a molecular size of less than 2KDa. 
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Thin layer chromatography and staining for carbohydrates, lipids and oligosaccharides, as well as phenol- 
sulphuric acid assay (Dubois et al. 1956) for carbohydrate determination were negative. Pronase digestion of 
the factor also has no effect on its heparin binding, inhibition of its migration on cellulose acetate 
electrophoresis. 

5 

Cross rcactivitY of Ncphronin with heparan sulphate on the endothelial cells 

Although the specificity of Nephronin for heparin and heparan sulphate was shown using the cellulose acetate 
electrophoresis method, it was important to establish the effects of this material on endothelial cells, since the 
10 GAG coating the endothelial cells has been shown to be almost exclusively heparan sulphate (Kanwar, 1984). 

The binding of Nephronin to heparan sulphate on endothelial cells was studied on paraformaldehyde pre-fixed 
cells and then viable cells (Fig 3). Plate A shows staining of heparan sulphate on the surface of endothelial cells. 
Plate B shows the same staining on the surface of endothelial cells after treatment with Nephronin. 

15 1 . Effect of the factor on fixed cells. 

Exposure of paraformaldehyde fixed endothelial cells to isolated Nephronin, diluted in PBS, showed a 
considerable reduction in the number of anionic sites. Fig 3 clearly demonstrates that the treatment of 
endothelial cells with Nephronin ab>olishes the characteristic staining for heparan sulphate on the untreated 
20 endothelial cells. 

2. Effect of the factor on viable cells. 

In order to test the effect of the factor on cell surface heparan sulphate of viable endothelial cells, the factor was 
25 added to the culture medium (up to 5% v/v). Initial experiments showed that exposure of the viable cells to the 
factor caused the dissociation of the cells from the substratum. To minimise the dissociation of the cells from the 
substratum, the incubation period was reduced from I hour to lOmin. The cells were then stained for surface 
anionic sites as above. 

30 3. Effect of the factor on the viability of the endothelial cells. 

To assess the binding of Nephronin to heparan sulphate on viable endothelial cells, Nephronin was added to 
confluent endothelial cells. In the initial experiments the endothelial cells were exposed to Nephronin for one 
hour as described above. However, it was found that during this period almost all of the endothelial cells were 
35 detached from the culture plate. To investigate whether Nephronin had caused cell death, resulting in the 
separation of cells from the substratum, the culture medium containing the cells was removed and centrifuged 
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at lOOOrpm for lOmin. The pelleted cells were resuspended in cold PBS and washed twice with cold PBS. 
Trypan blue staining of the cells showed that over 95% of the cells were viable. 

To continue the investigation for the binding of Nephronin with the cell surface heparan sulphate, th^ 
incubation time was reduced to 15 minutes and the amount of Nephronin added was reduced to 2.5% of the 
culture volume. Fig 4 A shows the GAG staining on untreated cells under these conditions. Fig 43 clearly 
shows a considerable reduction in the GAG staining of the cells treated with the factor. 



Cross-reactivitY of Nephronin with heparin in coagulation studies. 
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Having established Nephronin's ability to bind to heparin and heparan sulphate, it was important to establish 
whether this material had any effect on blood coagulation. 

Both extrinsic, UPTT and intrinsic, KPTT coagulation systems were used. Nephronin was found to prolong 
coagulation time in much the same way as heparin. Furthermore, the anti-coagulant effect of Nephronin was 
found to be s\™rgistic with heparin. 
15 To further investigate this relationship with heparin, a commercially available chromogenic kit for the 
measurement of heparin like molecules, based on the acceleration of antithrombin III activity for the inhibition 
of thrombin formation was used (Griffith, 1986; Bjork et al. 1986). Once again, it was found that Nephronin 
behaved in much the same way as heparin and in synergy with heparin. These findings suggest that Nephronin 
may be able to self-polymerise, since activation of antithrombin III requires at least a pentasaccharide sequence 
20 of heparin (Jackson et ai. 1991). 

Identification of the cells involved in the production (secretion) of Nephronin 

Although the pathogenesis of SRNS is still unknouTi, it is well known that patients with SRNS go into relapse 
25 with upper respirator and minor infections. As mentioned eariier the loss in immune regulation is thought to play 
an important part in the pathogenesis of the disease. 



To test whether the immune cells from SRSN patients during relapse produce (secret) Nephronin without mitogen 
stimulation of the cells, and whether it is possible to induce immune cells from normal subjects to produce 
Neplironin, PBMC from SRNS patients and normal subjects were isolated. 

Methods 

Isolation of PBMC 
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Whole blood (10 ml) from SRNS patients and healthy 'volunteers was collected into 50 ml sterile Greiner tubes 
(Greiner Laboratory% Dursley. Glos. UK) containing 1ml sterile sodium citrate / citric acid ( 3 parts O.IM sodium 
citrate, 2 parts O.IM citric acid) anticoagulant and diluted 1:3 with sterile PBS. The 33.0 ml 
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PBS/blood/anlicoagulant was layered onto 16.5 ml Ficoll/hypaque, Pharmacia, St Albans, herts, UK) and 
centrifuged at 1800g for 30min at 4°C. The cell layer at the interface between ficoll and plasma was removed, 
diluted 1:5 v/v with ice cold PBS and centrifuged at 750g for lOmin at 4**C. The pelleted cells were washed once 
more with cold PBS and the final cell pellet was resuspended in 5 ml of RPMI 1640 culture medium (Gibco, 
5 Paisley, Scotland, UK) containing 10% heat inactivated foetal calf serum (PCS) (Sigma chemical company, 
Poole, Dorset, UK). The cells were then aliquoted in 8-well culture plates (Nunc, Paisley, Scotland, UK) for 
45min at 37°C in incubators supplied with air, 5% CO2, to allow macrophages to adhere to the plastic- Following 
adherence, the cells suspension were removed and washed with pre-warmed RPMI 1640 at 37**C and maintained 
in the same culture medium supplemented with 50 units per ml of IL-2 (Z>Tned Laboratory INC., distributed by 
10 Cambridge Bioscience, Cambridge, UK.)- 

Production of Ncphronin by human iymphocytcs . 

PBMC isolated from SRNS patients were maintained in RPMI 1640 culture medium containing 10% v/v heat 
15 inactivated PCS and 50units/ml of IL-2. The culture medium was removed at 24, 48 or 72 hour time periods and 
stored frozen at -70°C until use. 

The culture mediums were then processed analytically for the purification of Nephronin. 

To assess the effect of the Nephronin on unstimulated PBMC, PBMC were also isolated from healthy volunteers. 
The PBMC were maintained as above except that on these occasions the culture media were supplemented with 
20 10% SRNS patient's plasma. For control studies PBMC isolated from healthy subjects were cultured as above 
and supplemented with 10% normal plasma. 

Plasma from SRNS and healthy subjects were prepared by mixing 10 ml of whole blood with 1ml of sterile 
sodium citrate / citric acid (3 parts O.IM sodium citrate, 2 parts O.IM citric acid) as anticoagulant. The cells were 
removed by centrifugation at 850g for lOmin. The clear plasma was removed and stored in small aliquots at - 
25 70°C. The pelleted cells were usually used for other related experiments. 

Results 

The data presented in Table 3 clearly demonstrates that, lymphocytes isolated from SRNS patients during 
30 relapse are capable of producing Nephronin. Furthermore, addition of patients plasma, but not plasma from 
normal subjects, to cultures of lymphocytes from normal subjects also induced these cells to produce 
Nephronin. These results suggests 

1 . Lymphocjles from SRNS patients during relapse produce Nephronin 
35 2. There is a circulatory factor in the plasma of these patients that can stimulate lymphocjtes isolated 
from normal subjects, to produce Nephronin. 
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The fact that the immune cells from SRNS patient during relapse produce Nephronin, indicates the importance 
of this compound as part of the immune response to infection. However, the lack of immune regulation, as 
suggested by many workers in the field, may be responsible for the on set of nephrotic syndrome, 

5 Isolation of Nenhronin from urine of meningitis patients. 

The studies above indicated that the immune cells in response to infection could produce Nephronin. To 
lest this h>pothesis, urine from three children with meningitis and two normal children were processed 
for anal>lical isolation of Nephronin. Nephronin was isolated from urine of two of the meningitis 
10 patient who had sundved the disease. The urine of the patient that did not contain Nephronin did not 
survive the disease. 

Nephronin was not isolated from the urine of normal children. 
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Endotoxin neutralising abititv of Nenhronin. 

Because of the anionic nature of Nephronin and its abilit>' to bind to lipids, it was postulated that this factor 
might behave as a cationic detergent. Furthermore, the fact that Nephronin was also isolated from urine of 
children with meningitis suggested that this factor is produced in response to infection. Consequently, 
Nephronin was thought to behave similarly to that of the cationic antibiotic, poljinyxin. 

Limulus Amoeboc>^e Lysate (LAL), utilises the E.coli endotoxin for the activation of a pro-enz>TOe which then 
hydrolyses a substrate to yield a chromogenic product. Fig 5 shows the principle of LAL activation. This system 
was used to demonstrate the possible anti-endotoxin abilit\' of Nephronin. 
Table 1 show a representative set of data for the inhibition of endotoxin by Nephronin. 

25 Agglutination of gram-negative bacteria. 

Given the fact that Nephronin inhibited LPS by the LAL assay, indicated that this compound might bind to LPS 
molecule and neutralise it effect by direct physical binding. To test whether, binding of Nephronin to LPS had 
an effect on bacterial agglutination, a number of gram negative and gram positive bacteria were used to test this 
30 hypothesis. Furthermore, since LPS molecule is not always exposed in different strains of gram negative 
bacteria, the agglutination of Nephronin on heat and/or penicillin killed bacteria was also test. Table 2 shows 
the agglutination of gram negative but not gram positive bacteria by Nephronin. It is noteworthy that in the 
cases of heat and penicillin killed bacteria, agglutination occurred very quickly, whereas where viable bacteria 
were used, this was not always readily apparent. 



35 



Physicochemical Characterisation of Nenhronin 
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Preliminan' characterisation of Nephronin suggested the absence of peptide bonds involved in its heparin 
binding ability, since this activit>' is not affected by treatment with 6M HCl and heating at lOS'^C for 24h. 
Furthermore, thin layer chromatography and staining for carbohydrates, lipids and oligosaccharide, as well as 
phenol-sulphuric acid assay for carbohydrate determination were negative. Pronase digestion of Nephronin also 
seems to have no effect on its heparin binding and inhibition of its migration on cellulose acetate 
electrophoresis. 

Elemental analysis tests for Carbon, Hydrogen, Phosphorous and sulphur of Nephronin, only showed the 
presence of 37.04% carbon and 3.74% hydrogen. 

NMR and mass spectroscopy of the isolated Nephronin were inconclusive. However, the presence of 
citrate was clearly demonstrated on NMR. FAB analysis suggested the presence of two and three carbon 
molecules. 

These initial structural studies suggested that Nephronin might be easily hydrolysed. However, based on 
the information available, a plausible structure for Nephronin was h>pothesised. Metliodology for 
s>'nthesising tliis compound was then proposed, and recently, successful S5'nthesis of Nephronin has been 
achieved. Attempts at tlie sj^nthesis of Nephronin are described as experiments: 

Establishment of a biological system 

To test the effect of Nephronin in a biological system, the products from different synthesis attempts, were tested 
on human lymphoc)4es, isolated from blood buff>' coat (concentrated White Blood Cell preparation, supplied by 
the Blood Bank). Lymphocytes were stimulated udth endotoxin (E.co/i, serotype 055 :B5, Sigma- Aldrich 
chemical company) in the presence and absence of the sjTithesised compounds. For positive controls, a number 
of other biological stimulators were also used. These included, PHA, Concanavalin A, streptococcal bacterial 
membrane protein (M protein) and enterotoxins (superantigens) SpeA and SpeB. 

Sandwich ELISA for the measurement of mitogen induced cjlokines was established. Sandwich ELISA for 
TNF-a, and IL-la was routinely used for the measurement of these cytokines in the culture supernatant of the 
activated cells post-stimulation. Cells were harv^ested at 24, 48 and 72 hours post-stimulation and the culture 
supernatant' s were used in the determination of the c^'tokine levels. 

Specific antibodies were purchased from a number of suppliers; mouse monoclonal and rabbit, polyclonal 
antibodies against human TNF-a were purchased from Genz>'me, USA, supplied by Lab Supply. Australia. 
Mouse monoclonal and rabbit polyclonal antibodies against human IL-la, IL-4, lL-6 and interferon-y (IFN-y) 
were purchased from Endogen, USA, supplied by CSL Biosciences. Horseradish peroxidase conjugated anti- 
rabbit antibodies were purchased from Zymed. USA. 

C>'tokines used in the standard curves were purchase from Peprotech INC, supplied by Australian Laboratory' 
Services Ltd. 
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S>Tithcsis of Nephronin 

The hypothesised structure for Nephronin assumes that this compound is detergent Hke in structure with 
specificity towards certain sugar moieties, hence an anionic molecule that behaves like a cationic detergent. 
Taking this into consideration, one can then visualise Nephronin being able to inhibit LPS. 
NMR studies on the isolated Neplironin had demonstrated the presence of citrate (citric acid). The structure 
hypothesised for Nephronin is based on the esterification of a fatty acid molecule on the hydroxTl group of the 
citrate molecule. 
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ITie structure above gives the h>T>othetical structure for Nephronin. The -R group represents the carbon chain 
length of the fatly acid. 

Methods for svnthcsising Nephronin. 

Initial attempts 

Initial attempts at synthesising the hypothesised structure of Nephronin, were to simply mix the fatty acid and 
citric acid in an aqueous solution. Since long chain fatty acids were used in these initial attempts, solubility of 
the acids in ^vater posed a problem. Palmitic acid was the first fatty acids used in these procedures. There are 
three -COOH groups on the citric acid molecule, therefore a ratio of 3: 1 fatty acid to citric acid was used. For 
example, to a tube containing 30m of citric acid dissolved in 2ml of water, lOOmg of palmitic acid was added. 
To ensure mixing of the fatty acid with the citric acid, the reaction tube was heated to 80*^C so as to melt the 
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fall)' acid. However, once the reaction tube was cooled to room temperature, the fatt>' acid precipitated out of 
the solution. Interestingly, it was found that, heating the mixture of fatt>' acids in a solution of 0.2M citric acid 
at 80^*0 for 48h, resulted in the formation of a clear solution at room temperature. This is thought to be due to 
the fonnation of small fatt\' acid vesicles. Similar observations were also made for. Oleic acid, pentadecanoic 
5 acid, but not for Linoleic acid. After this period, the pH of the samples was adjusted to neutral with 2M NaOH. 
Testing of these samples did not show any inliibition of LPS-induced cytokine production. 

Use of Phdspliorus Qxychloride. 

10 To sjTithesise the hypothesised Nephronin, it was thought necessary to activate the fatty acid to acid chloride, 
so that the activated fatty acid could form an ester with the citrate molecule. 

Phosphorus oxj'chloride (POC13) was chosen to convert fatty acids to acid chloride (R-C=0-C1). The acid 
chloride when added to the citrate should then form an ester with the -OH group on carbon 3. 
Phosphorus ox>'chloride reacts \iolently with water to form hydrochloric acid (HCI). To prevent this reaction 
15 occurring, the entire procedure was performed in the absence of water. 

Initial Attempts at synthesising Nephronin 

Long chain fatt)' acids were chosen to sjnthesise Nephronin, these included the following, 

20 

1 . Palmitic acid 

2. Oleic acid 

3. Linoleic acid 

4. Pentadecanoic acid 

25 

Initially, POC13 was added directly to the fatt>' acid and mixed. Since there are three -CI groups on the POC13, 
a ratio of 3: 1 of fatty acid to POC13 was used. Taking into consideration the molar/molar concentration of the 
fatty acid and the POC13, the volume of POCI3 was not enough to allow thorough mixing of the mixture. To 
overcome this problem an excess of POC13 was added to the fatty acids. 
30 To facilitate the synthesis, the tubes containing the mixture were heated to 80°C for approx 30minutes so that 
the fatty acids melted. The mixture changed into a colourless liquid, however, after standing at room 
temperature, tlie whole reaction mixture became one solid mass. 

An alternative approach was to melt the fatty acid by heating to 80**C prior to the addition of POC13. The 
35 mixture was then incubated at 80°C over night with constant mixing. The colourless mixture had changed 
colour to a deep red solution. 33mg of Na3 Citrate dissolved in 50|il of water was added to this solution, but the 
two liquids did not mix. The change in colour is thought to be due oxidation of some of the components in the 
reaction tube, most likely POC13. Once again it was not possible to test these samples. 



18 



It was decided to perform the reaction in chloroform as the organic phase. Although the fatty acids dissolved 
readily in chloroform, Na 3 Citrate did not dissolve and remained as cr>^stals. It was assumed that for a reaction 
to proceed, it was necessary for all reactanls to be in a liquid phase. Trial of solubilit)' of the reactants showed 
that citric acid, but not Na3Citrate, dissolved in acetonitrile when heated to 80°C for 10-20min. However, 
palmitic acid was not ver)' soluble in acetonitrile. Consequently, Fatty acids dissolved in chloroform were 
mixed with citric acid dissolved in acetonitrile. 

A range of combinations where the ratio of fatty acid dissolved in chloroform and citric acid dissolved in 
acetonitrile was tested. In each case the main problem was thought to be due to oxidation of some of the 
components of the reaction mixture, since in all cases the reaction mixture changed colour to red and very deep 
red. Furthermore, the resulting compounds did not dissolve in water. Because of solubility problems, these 
preparations were not tested for their biological activity. 

Acetonitrile alone as the solvent of choice was also used to synthesise Nephronin, but with no effect. Given the 
fact that Na3Citrate is not soluble in acetonitrile, citric acid was chosen. 

For example, lOOmg pahnitic acid dissolved in 4ml of acetonitrile. To this 100^1 of POC13 was added and 
after 30min incubation at room temperature with mixing, 40mg of citric acid was added. The reaction was 
allowed to proceed at room temperature (RT). After this time the samples were freeze-dried. The lyophilised 
material was found to be very insoluble in water, even after adjusting the pH of the samples to neutral. This 
was thought to be due to the excess amount of fatty acid present in the reaction mixture. Consequently, the 
presence of water insoluble fatty acid might interfere with Nephronin, since Nephronin molecules are likely to 
bind tightly with the fatt>' acid. 

A variation of this reaction procedure, based on the idea that upon formation of the synthesised compound, it 
may be possible to remove the product from the reaction mixture, leaving the fatty acid in the solvent. 
In this approach, the reaction was performed essentially as above. After over night incubation at RT, excess 
A-olume of acetonitrile was add to the reaction tubes. In an attempt to specifically precipitate the sjntliesised 
compound, and neutralise the acid, excess solid NaHC03 was added to the mixtures. After regular mixing of 
the tubes, the mixtures became cloudy within Ih, The reaction was allowed to proceed with mixing for several 
hours. The reaction tubes were centriftiged at 4000 rpm for lOmin and the resulting pellets were allowed to air 
dry in a fume hood. The pellets were dissolved in water and the pH of samples adjusted to neutral with O.IM 
citric acid. Testing of these samples did not show any biological activity. 

The solvent from each reaction tube was also dried. The lyophilised material was found not to dissolve in 
water. Corisequently, these samples were not tested. 

A considerable amount of time and effort was put into synthesis ing the compound using essentially the 
metliodology described above. However, none of the preparations were effective in neutralising LPS induced 
c^lokine production. 

Conclusions from the early synthesis attempts 
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1. The lact that the solvents containing the POCI3 reaction mixture changed colour to red suggested that 
some components of the reaction were being oxidised, most likely POC13. Consequently, it was decided to 
p>erform the reaction under nitrogen. 

To test which particular solvent was most appropriate with the least amount of oxidation, a number of solvents 
were mixed with POC13 and mixed in air. The rate of oxidation of POC13 was taken to be proportional to the 
time taken for colour development. 

The solvents tested 

Chloroform 

Acetonitrile 

Acetone 

Isopentane 

Hexane 

Maximum colour change w^as observed for chloroform, where a deep red colour was observed ver>' quickly. 
However, addition of POC13 to hexane resulted in minimal amount of colour change with time. After 24h 
incubation at RT, only a slight tan colour was observed for hexane-POClB mixture. 

2. Since the pH of the mixture was veiy acidic, to reduce the acid effect, Na 3 Citrate was used in the 
synthesis procedure. 

The experiment numbers refer to the order in which the experiments were carried out in the synthesis of 
Nephronin, The brief description given above summarises the attempts in experiments 1-8. 

Experiment 9 

The information gained from pre\dous attempts was utilised in this experiment. Hexane was used as the 
solvent of choice and the tubes were capped under nitrogen. 

The following reaction mixtures were set up. The fatty acids were first dissolved in the solvent prior to the 
addition of POC13. 

1 . lOOmg Palmitic acid in 5ml Hexane + 100^1 POC13 

2. lOmg Oleic acid in 5ml Hexane + 100^1 POC13 

3. lOmg Pentadecanoic acid in 5ml Hexane + lOOfil POC13 

4. lOmg Linoleic acid in 5ml Hexane + lOO^il PC)C13 
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5. Control, No fatty acid was used. 5ml Hexane + 100^1 POC13 

The tubes were capped under nitrogen and placed on a roller to allow mixing of the samples. After 30miii 
incubation at RT, 0.4g of Na3Citrate was added to each tube. Once again the tubes Avere capped under 
nitrogen and placed on a roller for mixing. After 24h incubation at RT, the content of the tubes were freeze- 
dried. To each tube 2ml of Hexane was added and the content of each tube was mixed thoroughly and hexane 
was evaporated under nitrogen. 3ml of water was added to the lyophilised samples. The samples did not 
dissolve in water. These samples were freeze-dried and 10ml of water was added to the lyophilised material. 
To ensure ftill solubility of the samples, the tubes w^ere heated to 80°C for 30min with mixing on a roller. The 
samples had an average of pH 6.3. The pH of these samples was adjusted to neutral with 0.2M Na3Citrate. 
The fine adjustments to pH 7.4 were made with 2M NaOH. A considerable amount of the lipids remained as a 
layer on top of the solution. To test these samples for their biological acti\dty, aliquot of each preparation was 
autoclaved. 

Results 

Fig 1 shows the effect of different preparations of Nephronin using long chain fatty acids. Although the 
synthesis procedure was identical in all cases, the only preparation that inhibited LPS-induced TNF-a 
production was that of pentadecanoic acid. This preparation inhibited TNF-a by over 80% 24h post- 
stimulation. Similar results were obtained for IL-la, where pentadecanoic preparation of Nephronin inhibited 
LPS-induced IL-la production by over 50%, 24h post-stimulation. It is noteworthy that the levels of IL-la 
produced for other preparations were higher than cells stimulated with LPS alone. 

The inhibition of TNF-a and IL-la by pentadecanoic acid preparation, were considerably reduced by 72h post- 
stimulation. 

Conclusions 

The results from experiment 9 showed that it was possible to sj'nthesis biologically active Nephronin. 
However, the fact that fatty acids with longer carbon chain used in the s>'nthesis of Nephronin were not 
able to inhibit LPS-induced cytokine production, suggests that these longer chain fatty acids were 
unable lo form the ester. It may be necessary to optimise the s>'nthesis procedure for these fatty acids at 
a later date. 

Experiment 10 
Aims 

1. To test whether using tri-sodium citrate (NaSCitrate) or citric acid would make a difference in 
s>Tithesising a biologically active product. 
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2. To test whether increasing the concentration of POC13 increased the efficiency of the synthesis. 
The following reaction mixtures were set up. 

In each reaction, the fatty acid was first dissolved in hexane. followed by the addition of POC13. Tlie tubes 
were capped under nitrogen and after 1-hour incubation at room temperature, the reaction mixtures \vere then 
added to appropriately numbered tubes containing either Iri-sodium citrate (Na3Citrate) or citric acid. 

1. 30mg Pentadecanoic acid dissolved in 2ml hexane then 30fil of POCB + 0.2g NaCitrate. 

2. 30mg Pentadecanoic acid dissolved in 2ml hexane then 30jil of POC13 +0. 1 5g Citric acid. 

3. 30mg Pentadecanoic acid dissolved in 2ml hexane then 60^1 of POC13 +0.2g Na3Citrate. 

4. 30mg Pentadecanoic acid dissolved in 2ml hexane then 60^1 of POC13 -K). 1 5g Citric acid. 

The reason that 0. 15g of citric acid w^as used compared to 0.2g of Na Citrate, was to account for the Aveight of 
sodium. 

Once again tlie tubes were capped under nitrogen and the reaction allowed to proceed at room temperature 
w^hilst being mixed on a rotator for 2 hours. All samples were then freeze-dried. 2ml of hexane was added to 
the lyophilised material to remove excess POC13. The hexane was then evaporated under vacuum. Finally the 
samples w^ere resuspended in 1ml of water and freeze-dried. 

The lyophilised material was resuspended in 2ml of water and pH adjusted to pH 7,0 (neutral) with NaOH. 
Where Na3Citrate was used, a considerable amount of material did not dissolve in water, however, where 
citric acid was used, the material remained stocked to the walls of the tubes whilst the solution remained clear. 
In the case of Na3Citrate, all of the material seemed to resuspend in water, but not actually dissolving. 
Taking advantage of previous observations, where heating the fatty acid mixture to SO^'C for a period longer 
than 24h resulted in the clarification of fatty acid in water, the samples were heated at 80°C with mixing on a 
roller for 42h. After this period, a clear solution was visible in the tubes. However, it is noteworthy that the 
otherwise clear polypropylene tubes had become opaque. There are two possibilities for this, the first may be 
due to the effect of temperature over a prolonged period on the tubes. An alternative explanation is that excess 
fatty acid may have precipitated on the walls of the tubes. 

These samples were autoclaved prior to being tested for tlieir biological activity. 
Results 

The material S3'nthesised (produced) under the conditions described above was ineffective in inhibiting LPS- 
induced TNF-a and IL-la production. However, these same samples were ver>' effective in inhibiting ConA 
and PHA -induced TNF-a and IL-la production. At this stage, this property may be ascribed to the ability of 
citrate to inhibit these mitogens rather than the material synthesised this way. 
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Experiment 11 

Tliis experiment is essentially repeating experiment 10 with minor modifications. 
The following reactions were set up. 

1 lOOmg pentadecanoic acid + 3ml hexane +100^1 POC13 + 0.4g Na3Citrate. 

2. lOOmg pentadecanoic acid + 3ml hexane 4-100^1 POC13 + 0.3g Na3Citrate. 

3 . lOOmg pentadecanoic acid 4- 3ml hexane +200^1 POC13 + 0.4g Na3Citrate. 

4. lOOmg pentadecanoic acid + 3ml hexane +200^1 POC13 + 0,3g Na3Citrate. 

Once the pentadecanoic acid was fully dissolved in the hexane, POC13 was added to the reaction tubes. The 
tubes were capped under nitrogen and incubated at RT with mixing on roller for Ih, before the appropriate 
amount of citric acid or Na3Citrate was added to each tube and incubated at RT for 24h. 

For controls the following reaction tubes were set up. 

5. lOOmg pentadecanoic acid +3 ml hexane. No POC13 was added + 0.4g NaCitrate. 

6. lOOmg pentadecanoic acid + 3ml hexane. No POC13 was added "K).3g Citric acid. 

On this occasion, when the pentadecanoic acid was dissolved in Hexane, the appropriate amount of citric acid 
or citrate was added to each tube. The tubes were capped under nitrogen and incubated with mixing on roller 
for 24h. 

The samples were freeze-dried, by freezing the samples whilst still capped. To the lyophilised material 2ml of 
hexane Avas added, mixed vigorously and the hexane was evaporated under vacuum. The lyophilised material 
was dissolved in 1ml of milli-Q water, and freeze-dried. Finally the lyophilised material was resuspended in 
3ml of PBS and the pH adjusted to pH 7.0 with NaOH. It was found that when these preparations were filter 
sterilised, the membrane retained a considerable amount of the material. This was due to the fact that these 
preparations did not dissolve in water to give a clear solution. Consequently, by filter sterilising these samples, 
it was very likely to remove the active portion of the products. Furthermore, it was thought that if these 
preparations were autoclaved, it would not lead to break do^vn of the esters. 

The samples were autoclaved prior to testing them for their biological activity. In each case 50^1 of each 
sample was added to 1 .5x10^ cell/ml of PBMC, 

However, since the preparations formed precipitates in solution at RT, it was decided to pre-heat the samples 
to SO^^C to melt the preparations, prior to addition to the culture plates. It is noteworthy that after addition of 
these samples to media at 37*'C, a fine film could be seen on the surface of the culture media. 



Results 
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All of the samples including the controls showed 100% inhibition of LPS, PHA and ConA induced TNF-a and 
IL-la. Consequently, it was thought that this inhibition might be due to non-specific inhibition, since these 
preparations are likely to form vesicles engulfing the mitogens and preventing them from exerting their effects 
rather than specific inhibition of any one mitogen. 

5 

Experiment 12 (part 1) 

At this time, I had also received Laurie acid (CI 2) and Myristic acid (C14). Since the results from previous 
experiments did not indicate which particular method may be more effective in synthesising Nephronin, both 
10 citric acid and Na3 Citrate were used in the following s\Tithesis. This experiment is essentially the repeat of the 
pre\'ious experiment. 

1 . lOOmg Laurie acid + 3ml Hexane + lOO^I POC13 + 0.4g Na3Citrate. 

2. lOOmg Laurie acid + 3ml Hexane + lOO^il POC13 + 0.3g Citric acid. 
15 3. lOOmg Laurie acid + 3ml Hexane + no POC13 + 0.4g Na3Citrate. 

4. lOOmg Laurie acid + 3ml Hexane + no POC13 + 0.3g Citric acid. 

5. lOOmg Myristic acid + 3ml Hexane + 100^1 POCl 3 + 0.4g Na3Citrate. 

6. lOOmg Myristic acid + 3ml Hexane + 100^1 POC13 + 0.3g Citric acid. 

7. lOOmg Myristic acid + 3ml Hexane + no POC13 + 0.4g Na3Citrate. 
20 8. lOOmg Myristic acid + 3ml Hexane + no POC13 + 0.3g Citric acid. 

The sjTithesis was performed as in experiment 1 1 . The resulting products were found to be water insoluble. 
Given tJie fact that in the previous experiment, it was found that heating of the preparation to melt the fatty 
acids resulted in non-specific inhibition of mitogens, these samples were not tested. 
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Experiment 12, part 2 

Whilst performing the above sjTithesis and considering that the final products were water insoluble, it became 
apparent that using long chain fatty acids may not lead to the compound of interest. At this particular time, the 
30 only available short chain acid was acetic acid. 

Aims 

1. To test whether either Na3citrate or Citric acid could be used for the synthesis of an active compound. 
35 2. To demonstrate the effects of NaOH or ammonium hydroxide used in adjusting the pH of the products to 
Neutral. 



Methods 
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The folIo^^^ng reactions were set up. 

1 . 300^1 acetic acid (glacial) + 2ml hexane + 100^1 POC13 + 0.4g Na3Citrate. 

2. 300^1 acetic acid (glacial) +2ml Hexane -f 100^1 POC13 + 0.3g Citric acid. 

3 . 300^1 acetic acid (glacial) +2ml hexane + no POC13 + 0.4g Na3Citrate. 

4. 300^1 acetic acid (glacial) +2ml hexane + no POC13 + 0.3g Citric acid. 

In each case the acetic acid was added to hexane prior to the addition of POC13. The tubes were capped under 
nitrogen and incubated at RT for 30min, The appropriate amount of Na3citrate or citric acid were weighed and 
added to each tube. The reactions were allowed to proceed at RT for 24h. The samples were then freeze-dried. 
2ml of Hexane were then added to the resulting material, mixed vigorously and the hexane evaporated under 
vacuum. The lyophilised material was resuspended in 4ml of water. 

In each case the samples were divided into two. The pH of one portion was adjusted to pH 7.0 with NaOH, and 
the other portion with a 10% solution of ammonium hydroxide. The final volume of each sample was adjusted 
to 5 ml. 

On this occasion because of the length of the carbon chain of the acetic acids, the samples were filter sterilised 
usmg 0.2^ membranes. In each case 50 fil of each preparation was added to separate wells of a 24 well tissue 
culture plate, LPS was added to PBMC at 1.5xl0'/nil to a final concentration of Ing/ml LPS. The cells were 
mixed with LPS, and 1ml of PBMC containing LPS was added to each well. The time taken to dispense the 
cells into the culture plates was approximately 2-5 minutes. 

The cells were harvested 24h post-stimulation by pipetting the culture media into 1.5ml eppendorf tubes 
followed by centrifiigation at 2000rpm for 10 minutes. The supemantants were decanted into clearly marked 
tubes. The concentrations of TNF-a and IL-la in the culture supemantants were determined by utilising 
sandwich ELISA. 

To test whether the inhibition of the mitogen induced c)tokine production was specific, the effect of these 
preparations on inhibition of streptococcal toxins and membrane protein (M-protein) was also tested. However, 
at this stage tliere was no information available on the effect of NaOH on these preparations. Consequently, the 
only samples that were tested were those that were pH adjusted to neutral with NaOH. 

Results. 

Figs 1 and 2 show the concentration of TNF-a and IL-la of the culture supematants 24h post-stimulation 
respectively. Preparations of Nephronin where Na3Citrate was used in the synthesis procedure and the pH of 
the final product adjusted to neutral with 10% ammonium hydroxide showed 66% inhibition of LPS-induced 
TNF-a and 100% of IL-la production, 24h post-stimulation. For control, similar reactions were set up except 
that POC13 was not used. The control preparations showed only 18% inhibition of LPS-induced TNF-a 
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production. In the case of IL-la, an increase in the level of this cjlokine was obser\'ed compared to LPS 
stimulation alone. 

Interestingly, in preparations where similarly activated acetic acid was added to Citric acid, and the pH of tJie 
final product adjusted to neutral witli 10% ammonium hydroxide, 49% inhibition of LPS-induced TNF-a 
5 production was observed compared to 45% inhibition for the control preparation. These preparations were not 
effective in inhibiting LPS-induced IL-la production, and, in the case of the control preparation, it increased 
the IL-la production by 63%. Similar results were obtained from the PBMC 48h post-stimulation, except that 
the inhibition of IL-la had decreased to 76%. 

In preparations where the pH of the samples was adjusted to neutral with NaOH, there was no significant 
10 detectable inhibition of the cytokine production. In fact in many cases, they >vere co-stimulatory for the 
production of IL-la (results not shown). 

Testing of preparations of Nephronin that were pH adjusted to neutral with NaOH, for inhibition of cytokine 
production stimulated by streptococcal membrane protein and toxins, showed that these samples were 
ineffective in inhibiting stimulation of PBMC by these mitogens (results not shown). 

Effect of Nephronin on PHA-imluced cytokine production. 

50fil of different preparations of Nephronin was added to PBMC activated with 5^g/ml of PHA. The cells were 
harvested at 24 and 48h post-stimulation and the concentration of TNF-a and IL-la were measured in the 
20 culture supematants. 

Figs 5 and 6 show the inhibition of PHA-induced cj'tokine production by preparations of Nephronin that were 
pH adjusted with 10% ammonium hydroxide solution. Preparation of Nephronin, where pre-activated acetic 
acid was added to Na3Citrate, showed 66 and 65% inhibition for TNF-a and 102 and 82% for IL-la, at 24 
and 48h respectively. 

25 However, the preparation where citric acid was used in the sj'nthesis of Nephronin, only 45 and 51% for TNF- 
a and 34% inhibition and 33% activation for IL-la at 24 and 48h post-stimulation respectively. 
Preparations of Nephronin where the pH was adjusted to neutral with NaOH showed some inhibition of the 
PHA-induced TNF- a production. It is noteworthy that the inhibitions observed were not significantly different 
from the control preparations. Interestingly, not only did these same preparations not show any inhibitory effect 

30 on IL- la production however, they were stimulatory in nature. 

Effect of Nephronin on streptococcal antigens 

The preparations of Nephronin and controls, where the pH of the samples were adjusted to neutral with 
35 NaOH were tested for their effect on inhibition of streptococcal antigens. Streptococcal membrane 
protein, M-protein, and toxins, Spe A and Spe B were used because of availability. None of the 
preparations including the control preparations showed any inhibition of TNF-a and IL-la. It is 
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noleworthy, that Ihe preparations were added to the cell stimulated with the appropriate mitogens, the 
amount of TNF-a and particularly IL-la were significantly higher than when the antigens were added 
alone. 

Conclusion 

The follo^ving conclusions ma}' be drawn from part 2 of experiment 12: 

1 . Biologically active Nephronin can be synthesised using short chain acids. 

2. pH adjustment of the final product seems to play a pivotal role in determining whether the preparations 
are biologically active. Although at present an explanation for this phenomenon is not possible, it is 
thought that since NaOH is a strong alkali, it may hydrolyse the Nephronin, rendering it ineffective in 
inhibiting the mitogen induced cytokine production. 

3. Since only the preparations where their pH was adjusted to neutral with NaOH were tested against 
streptococcal antigens, and given the fact that such preparations were ineffective in inhibiting LPS 
induced cytokine production, confinns that these preparations are also ineffective in inhibiting 
streptococcal mitogen induced cytokine production. 

Preparations of Nephronin that are effective in inhibiting LPS-induced c>lokine production, should be tested 
for their effect on streptococcal mitogen induced cytokine preparations. 

This experiment also demonstrates for tlie first time that Nephronin can be synthesised using acids with short 
carbon chain length, 

Exiieriment 13 

Experiment 13 was performed in order to optimise the synthesis of Nephronin, however, since the data from 
experiment 12 was not available whilst the synthesis was being carried out, the pH of the final products were 
adjusted with NaOH. The results from experiment 12 have now shoAvn that adjustment of pH with NaOH, 
results in an inactive product. As a result, the preparations from experiment 13 was not tested for their 
biological activity, 

Exnerittient 14 . 

The results from experiment 12 had sho^vn that s>'nthesis of a biologically active Nephronin, utilising 
POC13 to activate acetic acid followed by addition to Na3Citrate and pH adjustment of the final product 
with ammonium hydroxide was possible. Furthermore, 1 have also been able to obtain some propanoic 
acid that I shall use in a similar sjnthesis procedure. 
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Aims 

1 . Whetlier var>'ing the ratio of the reaction mixtures increased the potency of the synthesised Nephronin. 

2. To lest the effect of NaHC03 on the potency of Nephronin, when used to pH the samples. 

Methods 

The following reaction mixtures were set up. 

1 . 450^1 acetic acid + 3ml hexane + 1 50 ^1 POCi3 + 600mg Na3Citrae. 

2. 230^1 acetic acid + 3ml hexane + 370^1 POC13 + 300mg Na3Citrate. 

3. 300^1 propanoic acid + 3ml Hexane + 370^1 POCI3 + 300mg Na3Citrate. 

4. 300^il acetic acid + 3ml Hexane + 100|il POC13 + 300mg Na3Citrate. ( Repeat of the synthesis in 
experiment 12). 

The POC13 reaction mixture was allowed to proceed for 30min at RT prior to addition of Na3Cilrate to each 

tube. The reaction was then allowed to proceed at RT over night. 

It is very' important to note that the tubes were capped under nitrogen at both stages. 

The samples were F/D to remove the solvent. It is noteworthy that the liquid in the lubes did not freeze 
completely. The solvent was evaporated under vacuum. To each tube 1ml of Hexane was added, the tubes were 
mixed \igorously and the solvent evaporated under vacuum. To the dried samples 2nil of water was added, 
mixed vigorously to dissolve the material. The samples did not appear to be very water soluble. Once the 
samples were dissolved in water, they were F/D to remove any traces of solvent. The lyophilised samples were 
resuspended in 5ml of water. Because of the time taken for this process the samples were left at RT over night. 
In each case the samples were divided into two. The pH of one half was adjusted to neutral with 10% 
ammonium hydroxide and the other half with a solution of 2M NaHC03. 

To lest the bio-aclivit>' of each sample, either 10^1 or 50^1 of each sample was added to PBMC at 1.5x106 
cells/ml containing Ing/ml LPS. The cells were harvested at 24 and 72h post-stimulation and the concentration 
of TNF-a and IL-la in the culture supemantants measured by sandwich ELISA. 

To lest the inhibition of PHA-stimulaled cytokine production, 50^1 of each sample was added to 1ml of PBMC 
at 1.5x106 cells/ml containing 5\ig/m\ of PHA. 

Given the fact that certain preparations of Nephronin are also able to inhibit the stimulation of PBMC by PHA, 
it was imperative to demonstrate if Nephronin had any inhibitory effect on other stimulants that exerted their 
biological effect differently from those of LPS. 

LPS exerts its biological activity by binding to a serum protein, LPS binding protein (LBP). This complex then 
binds to CD 14 on the surface of macrophages and results in the stimulation of cells and release of cytokines. 
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Gram-positive bacterial toxin (superantigen) activates cells in an entirely different pathway to that of LPS. 
They activate lymphocytes bj- binding to the outer cleft of the major histocompatibility complex (MHC) and the 
T-cell receptor aCR). Activation of these immune cells by the superantigens is TCR Vp restricted. 
Streptococcal membrane protein (M-protein) and entrotoxins Spe A and Spe B were used because of 
availability. Streptocoocal entrotoxin Spe A and Spe B are shoxvn to be superantigens. 

50nl of each of the preparations were added to PBMC at 1.5x106 cells/ml containing either 50ng/ml of Spe A. 

Spe B or M-protein. 



Results 



It is important to point out that the portion of the samples that ^vere pH adjusted with NaHC03 did not show 
any inhibition of the cytokine production. It is noteworthy that in many cases, the amount of cytokine detected 
was higher than the cells stimulated with the appropriate stimulant alone. 

Figs 1 and 2 clearly demonstrate that when Nephronin was prepared using a similar method as in experiment 
12, a biologically active compound is produced. Preparation 1 is consistently able to inhibit the LPS induced 
ITMF-a and IL-la at 24 and 72h post stimulation. It is noteworthy that all preparations showed significant 
iriiibition of IL-la at 24h post stimulation, however, this effect is diminished by 72h for all samples, except 
preparation 1, although its potency is considerably reduced. 

Figs 3 and 4 show the effect of different preparations of Nephronin on inhibition cytokine by PBMC. 24 hour 
post-stimulation with streptococcal superantigens Spe A. Spe B or bacterial membrane protein (M-protein). 
Once again, preparation 1 is able to consistenUy inhibit both TNF-a and IL-la production. 
Figs 5 and 6 show the effect of the same preparations of Nephronin, 72h post-stimulation of the PBMC. 
Interestingly the inhibition of the cjlokine production observed by some of tiie preparations, in particular 
preparation 1 has diminished. Although at present no explanation is offered as to why Nephronin is able to 
inhibit superantigen stimulation of cells, it is thought that Nephronin may be able to dampen the immune 
response non-specifically. The fact that its effect is diminished over a 72 hour period may be due to up take and 
break dowTi of Nephronin by the cells. 

Conclusions 

The data from experiment 14 demonstrates that; 

1 . Biologically active Nephronin can be repeatedly synthesised. 

2. The ratio of acid and POC13 seem to play an important role in producing active Nephronin. 

3. Nephronin is also able to inhibit cytokine production by PBMC stimulated with other stimulants, such as 
streptococcal superantigens Spe A, Spe B and streptococcal membrane protein (M-protein). 
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Experiment 15 

The S3'nthesis of Nephronin is based on esterification of a fatly acid molecule to the hydrox>'l group on the 
citrate molecule. However, since there are three carboxyl groups on the citrate molecule, it is possible that the 
presence of these groups results in reactions that consume a large portion of the acid chloride formed during 
the POC13 reaction. In an attempt to increase the yield, it was postulated that if Na3Citrate was first mixed 
with tlie acid, in tliis instance, acetic acid or propanoic acid, it might be possible to increase the chances of the 
acid chloride formed more readily available to react with the correct hydrox\'l group. 

The following information was used to calculate the relati\'e amount of each of the components. 

MW s.g vol 
Na3Citrate 294.1 

POC13 153.3 1.645 93 

Acetic acid 60.05 1.049 57 

Propanoic acid 74.05 0.993 74 

Given the fact that there are tlaree carboxyl groups on the citrate molecule, at least three fold excess of the 
relevant acid was used. 

The following reaction tubes were set up 

1 . 300mg Na3Citrate + 2ml hexane + 1 80^1 acetic acid 

2. 300mg Na3Citrate + 2ml hexane + 230^1 propanoic acid 

3. 300mg Na3Citrate + 2ml hexane + 180^1 acetic acid (control) 

4. 300mg Na3Citrate + 2nil hexane + 230^1 propanoic acid (control) 

The following reactions were set up in order to test whether a nine-fold excess of each acid improves the 
potency of the Nephronin being produced. 

5. 300mg Na3Citrate + 2ml Hexane + 540\x\ Acetic acid 

6. 300mg Na3Citrate + 2ml Hexane + 690fil propanoic acid 

The mixture of each tube was mixed and allowed to stand at RT over night. 



The following day, the POC13 reaction mixture for each tube was prepared as listed below. The ratio of acids 
were calculated on the bases that at this point there would be one hydrox>i group available for esterification 
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with acid chloride formed. Furthermore, since each molecule of POC13 can theoretically convert three acid 
molecules to acid chlorides, the volume of POC13 was reduced accordingly. 

1 . 2ml Hexane + 60\i\ acetic acid + 3 1 jil POC13 

2. 2ml Hexane + 75^1 propanoic acid + 3 l|il POC13 

3 . 2ml Hexane + 60fil acetic acid (control) 

4. 2ml Hexane + 75^1 propanoic acid (control) 

5. 2ml Hexane + 60|il acetic acid + 3 1 ^1 POC13 

6. 2ml Hexane + 75|il propanoic acid + 3 1 ^il POC13 

The tubes were capped under nitrogen and the POC13 reaction was allowed to proceed at RT for 30min prior to 
being added to the appropriate acid treated citrate samples. The tubes were capped under nitrogen and the 
reaction was allowed to proceed over night. At this stage the solvent was thought to contain some of the active 
material. To remove the solvent effectiA^ely, the preparations were F/D. 2ml of hexane was added to the 
lyophilised material, mixed vigorously and the solvent was evaporated under vacuum. The dried material was 
resuspended in water and the pH adjusted to neutral with a solution of 10% ammonium hydroxide. To remove 
any traces of the solvent, the samples were once again F/D. Finally, the lyophilised preparations were 
resuspended in water and the pH adjusted to neutral with ammonium hydroxide. The final volume was 
adjusted to 5ml, prior to filter sterilising the samples for biological studies. 

Results 

Figs 1-4 shows the effect of different preparafions of Nephronin in inhibiting LPS-induced TNF-a and IL-la 
production at 24 and 72h post-stimulation. Preparation 5 seems to be the most potent, inhibiting LPS-induced 
TNF-a production by 54% and IL-la by 95% by 24h post stimulation. Preparation 1 shows the least potency, 
where as preparations 2 and 6 show similar potency. By 72h post-stimulation the potency of these preparations 
is considerably reduced, however, the pattern remains the same. 

40^1 of the control preparations 3 and 4 were tested for their effect. These samples did not show any inhibitory 
effect. It is noteworthy that these preparations caused a higher c>lokine secretion by PBMC than LPS alone. 
Fig 5 shows the effect of these preparations in inhibiting PHA induced TNF-a and II- la production. 
All of the samples including the controls showed some inhibition of PHA induced cytokine production. 
However, the only preparations that showed a significant inhibition were preparations of Nephronin, samples 5 
and 6. hiterestingly, sample 6 is more potent in inhibiting TNF-a production, whereas preparation 5 inhibits 
IL-la production totally at 24 post-stimulation. Once again, the potency of these preparations seem to have 
been reduced considerably by 72h post-stimulation, however, preparation 5 continues to inhibit TNF-a and IL- 
1 a by 82 and 69% respectively. 

Figs 6-9 show the effects of different preparations of Nephronin on stimulation of PBMC by streptococcal 
toxins, Spe A, Spe B and membrane protein (M protein). Interestingly, preparation 5 is the only sample that is 
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able to consistently inhibit both TNF-cc and IL-la. The effect is more pronounced at 24h post-stimulation, and 
is significantly diminished by 72h post-stimulation, particularly in the case of IL-la secretion. 

Conclusion 

Data from experiment 15 clearly demonstrates that although Nephronin can be synthesised, production of 
potent Nephronin ver\' much depends on the ratio of the reactive components used in the synthesis procedure. 
The fact that preparation 5 seems to be the most potent sample suggests that pre-treatment of NaSCitrate with 
the acid may be advantageous, however, this requires further optimisation. 

There are four important conclusions that one may draw from these results. 

1 . The ratio of POC13 used in tliese reactions is of particular importance. Data from experiment 14 suggested 
that excess of POC13 used in the s>Tithesis reaction resulted in the production of a less active compound. 
Interestingly, using less of POC13 also produced the same effect. The ratio of POC13 to acid needs to be 
optimised. 

2. The control preparations 3 and 4 were totally ineffective in inhibiting LPS-induced cytokine production. 
They showed some effect in inhibiting the PHA-induced cx'tokine production, however, this is thought to 
be due to Na3 Citrate concentration. 

3. Biologically active Nephronin can also inhibit other immune stimulants in inducing c}4okine production. 
Although at present an explanation for this effect is not offered, it is thought that Nephronin may be able 
to non-specifically dampen immune response. 

4. These preliminary data also indicate that Nephronin may be svnthesised from longer chain carbox>'lic 
acids, for example. Propanoic, Butyric acid, Hexanoic acid and Octanoic acid. However, it seems very 
important that the carbox>'Iic acid used is liquid, and water miscible, rather than water immiscible. 

Experiment 16 

The data from experiment 15, clearly showed that the ratio of POC13 played an important role in 
producing a potent version of Nephronin. Furthermore, liie pre-treatment of Na3 Citrate witli the 
relevant acid had a positive effect on the final product. It is important to note that when a nine-fold 
excess of tlie acid was used, the synthesised material was more potent. 

In this experiment it was decided to repeat the synthesis of experiment 12 and possibly use this 
preparation as a standard for comparison between various preparations. 

The following reaction mixtures were set up; 
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300mg Na3Citrate + 2ml Hexane + 540|il of acetic acid. 
300mg Na3Citrale + 2inl Hexane + 690|al of propanoic acid. 
300mg Na3 Citrate + 2ml Hexane + 540fxl of acetic acid. 
300mg Na3Citrale + 2ml Hexane + 690jal of propanoic acid. 
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The tubes were capped under nitrogen and incubated at RT for 4h with mixing on a roller. 
The POCL3 reactions were set up as below, where an approximate 4 fold of the acid was used. 

10 1 . 2ml Hexane +270|al Acetic Acid + 1 00^1 POC13 

2. 2ml Hexane +295^1 Propanoic Acid + lOOjil POC13 

3. 2ml Hexane +270^1 Acetic Acid (no POC13 added, Control) 

4. 2ml Hexane +295|ai Propanoic Acid (no POCI3 added. Control) 

15 The tubes were capped under nitrogen and after 30 minutes incubaUon at RT with mixing on a roller. 
After this time, the POC13 reaction mixtures were added to the appropriate tubes set up for Na3 Citrate 
treatment. 

Repeat of the synthesis performed similarly to experiment 12. 



The tubes were capped under nitrogen, incubated at RT with mixing on a roller for 20minutes. After 
this time, 300mg of Na3Citrate was weighed and added to each tube. Each tube was capped under 
nitrogen and incubated at RT, over night. 

Whilst this experiment was being performed, the possibility that Nephronin may be formed as a solvent 
soluble material, after addition of the POC13 reaction mixture to the treated Na3 Citrate was considered. 
To test this hjpothesis, the following reaction tubes were set up. 

7. 300mg Na3Citrate +540^1 Acetic acid. 

8. 300mg Na3Citrate + 690|al Propanoic acid 
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The following POC13 reactions were set up. 



5. 300nig Acetic acid + 3ml Hexane + lOOjal POC13 

6. 300mg Acetic acid + 3nil Hexane (no POC13 was added. Control). 
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The citrate and the acids were mixed ver>' vigorously. The Na3Citrale formed a ver>' hard mass witli 
acetic acid that adhered to the bottom of the tube. In the case of propanoic acid, the Na3Citrate seemed 
to remain as cry stalline during the time of incubation. After 2h incubation at RT, 4ml of hexane Avere 
added to each tube. The contents of the tubes were mixed very vigorously ensuring full mixing of 
5 Na3 Citrate with the acids. The tubes were then incubated at RT over night. The solvent was then 
decanted into appropriately labelled tubes. 

The following POC13 reaction mixtures were set up, 

10 1\ 2ml Hexane + 270^1 Acetic acid + 100^1 POC13. 

8'. 2ml Hexane + 900^1 Propanoic acid + 100|al POC13 

The tubes were capped under nitrogen and incubated at RT for 30min witli mixing on a roller. 
The reaction mixtures were then added to the solvent decanted from the Na3 Citrate treatment tubes 7 & 
15 8. The tubes were capped under nitrogen and tlie content mixed and incubated at RT with continuous 
mixing on a roller, for only 2h. To test the solvents soluble material, the solvents were decanted into 
marked tubes and freeze-dried. 

All reaction mixtures were dried under vacuum. 2ml of hexane was added to each tube and re-dried 
under vacuum. 

20 In each case, the Ij'ophilised material was resuspended in 3ml of water. The pH adjusted to neutral with 
a solution of 10% ammonium hydroxide. The samples were freeze-dried and the lyophilised material 
resuspended in water and pH adjusted to neutral with ammonium hydroxide. On this occasion, 400)j.1 of 
10 X PBS was added to each tube and the final volume of each sample adjusted to 4ml. All samples 
were filter sterilised using a 0.2fi membrane prior to testing for their biological activit>'. 

25 

ResuUs 

In this experiment preparations 3, 4 and 6 were produced without the use of POC13. These samples are 
to be used as controls for the relevant preparations. Consequently, they were only used at the highest 

30 concentrations that the test samples were used- 
Figs 1 and 2 show tlie dose dependent inhibition of LPS-induced TNF-a and IL-la. Tliese new 
preparations show much higher levels of inhibition compared to preparations in experiment 15. These 
findings confirm that the ratio of P0C13 is ver>' important in producing more potent preparations of 
Nephronin. Interestingly, these samples caused slightly higher concentrations of TNF-ot production when 

35 only 10^1 of the preparations were tested. 
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It is also noteworthy that preparation 2, where propanoic acid was used in producing Nephronin, was 
able to inhibit LPS-induced IL-la production more significantly than preparations where acetic acid 

was used. 

Figs 3 and 4 show the inhibition of cytokine production by the same preparations as above at 48h post- 
stimulation. Preparations 1 and 2 showed a similar pattern of inhibition as in 24h post-slimulation. 
Preparation 5, which was essentiallj- a repeat preparation of experiment 12, had become less potent by 
481, post-stimulation. Interestingly, the pattern for LPS-induced IL-la production is very different from 
that of 24h post-stimulation. Preparation 5 seems to be ineffective in inhibiting IL-la production. 
Indeed, an increase in the concentration of IL-la concentration was detected when lower amounts of 
this preparation were used. This may be due to the fact that preparation 5 contains material that is toxic 
to the cells and Nephronin is able to exert its inhibitory effect, only when an increased volume of the 
sample is used. 



A number of preparations were made, boUi as comrol and also to test whether active Neplironin can be 
produced by using the solvent soluble material after treatment of Na3Citrate with the acid in hexane. 
Preparations 3, 4 and 5 are controls for preparations 1, 2 and 5 respectively. In these preparations, the 
same procedure for synthesising Nephronin was used except that POC13 was omitted. 
Preparations 7 and 8 are the solvent soluble material from pre-treatment of Na3Citrate by aceUc acid 
and propanoic acid respectively. In these preparations the solvent soluble material was put through the 
same procedure as that for Nephronin. 

Figs 5 and 6 show the effect of eight different preparations on LPS induced TNF-a and IL-la, 24h 
post-stimulation of PBMC. In each case 40^ of each preparation was tested. Preparations I, 2 and 5 
inhibited TNF-a by 63, 66 and 51% respectively. These same samples showed 100% inhibition of IL- 
la at these concentrations. Control preparations 3, 4 and 6 showed 21, 21 and 10% inhibition of TNF- 
a production. Interestingly, these same preparations were more effective in inhibiting IL-la production. 
Although at present no explanation can be offered for these apparent inhibitions, these effects are 
thought to be due to Na3Citrate. Consequently, when data are being analysed, such effects should be 
taken into consideration. 

Figs 7 and 8 show these same preparations 48h post-stimulation. Preparations I, 2 and 5 were able to 
inhibit TNF-a production by 59, 66 and 33%, whereas only preparations 1 and 2 inhibited IL-la 
production by 78 and 87% respectively. Control preparations 3. 4 and 6 marginally inhibited TNF-a, 
where as the concentration of IL-la production was higher than cells treated with LPS alone. 
Preparations 7 and 8 did not show any inhibition of TNF-a and IL-a. The increase in tiie levels of 
cMokine production is though to be due to the toxic effects that these preparations may have on PBMC. 
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The effects of these same samples were also tested on the PHA-induced cytokine production. 
Preparations 1, 2 and 5 were potent inhibitors of PHA-induced TNF-a at 24 and 48h post-stimulation. 
Interestingly, control preparations 3 and 6 also showed significant inhibition. A similar pattern of 
inhibition was also obser\'ed for IL-la, except that at 48h post-stimulation, control preparation 4 also 
5 showed significant inhibition of IL-la. 

Preparations 7 and 8 were ineffective and did not show any significant variance from cells treated with 
PHA onl) . 

Conclusion 

10 

The following conclusions can be drawn from the data obtained in experiment 16. 

1 . The ratio of P0C13 to acid is very important in producing more potent Nephronin. 

2. Pre-treatment of Na3citrate with tlie appropriate acid, results in production of more potent 
15 Nephronin. 

3^ The solvent soluble material contains toxic material resulting in further activation of cells and 

production of more cytokine production. 
4. Some of the biological activities obser\^ed are due to Na3 Citrate, particularly in the case of PHA- 
induced cytokine production. However, Nephronin remains significantly more potent than the 
20 control preparations. 

Exiicriment 17 
Aims 

25 

Butyric acid has just been received, which will be used in preparing Nephronin. 

1. To test the hypothesis, that an active compound can also be sy^nthesised by acids of longer 
carbon chains, acetic acid, propanoic acid and butyxic acid were used in the synthesis of 

30 Nephronin. 

2. To test whether increasing carbon chain length of the acid, has an effect on the potency of the 
synthesised Nephronin, dose dependent inhibition of LPS iitduced cytokine production for 
these preparations are to be examined. 

3. To test whether increasing the ratio of acid to Na3Citrae in the pre-treatment of citrate would 
35 result in the production of more potent products the molar ratio of the acid to citrate is to be 

increased to 10:1 fold excess acid. 
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4. To examine Ihe possibility that Na3Cilrate treated with the acid might result in an acid soluble 

material that might result in a more potent preparation of Nephronin, the acid soluble material 
was used in the synthesis procedure. 

Method 

Based on previous experiments, the following reactions were set up. 

1 . 300mg Na3Citrate + 540|al of Acetic Acid 

2. 300mg Na3 Citrate + 540^1 of Acetic Acid (sup taken) 

3. 300mg NaBCitrate + 690^1 of Propanoic Acid 

4. 300mg Na3 Citrate + 690^1 of Propanoic Acid (sup takien) 

5. 300mg NaBCitrate + 835^x1 of Butyric Acid 

6. BOOmg NaBCitrate + 835^1 of Butyric Acid ( sup taken) 

NaBCitrate was mixed with Uie acid for 2h at RT. In the case of acetic acid, the NaBCitrate solidified 
forming one mass that strongly adhered to the bottom of the tube. After 2h incubation, the liquid 
portion from each tube was decanted. In the case of tubes 2, 4 and 6, the liquids were placed in 
appropriately numbered tubes. To the tubes 1-6, 2 ml of hexane was added and mixed vigorously. 
The corresponding treated NaBCitrate (the solids) from tubes 2, 4 and 6 were then numbered 7, 8 and 9 
respectively. 

The following POCIB reactions were set up for these reactions. 

1. 2ml Hexane + ISOjal Acetic acid + lOOjal POCIB 

2. 2ml Hexane + 180|al Acetic acid + 100^1 POCIB 

3. 2ml Hexane + 230|al Propanoic acid + 100|al POCIB 

4. 2ml Hexane + 230^1 Propanoic acid + 100^1 POC13 

5. 2ml Hexane + 250^1 Butyric acid + lOOfil POCIB 

6. 2ml Hexane + 250fil But>Tic acid + 100^1 POCIB 

7. 2ml Hexane + ISOjxl Acetic acid + lOO^il POCIB 

8. 2ml Hexane + 230^1 Propanoic acid + 100^1 POCIB 

9. 2ml Hexane + 250|il ButjTic acid + 100^1 POCIB 

Note. Hexane was not added to the solids in tubes. 7, 8 and 9, until the POCIB reaction mixture was 
added to these tubes. 
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The POC13 reaction lubes were capped under nitrogen. The lubes were placed on a roller lo allow 
mixing and after 30 minutes incubation at RT, the contents of each tube was poured into the 
corresponding tubes. These tubes were also capped under nitrogen. The tubes were mixed vigorously, so 
that the contents of each tube were thoroughly mixed with the P0C13 reaction mixture. 
The reaction tubes 1-6 were placed on a roller and incubated for 2h at RT. The tubes were then freeze- 
dried. Reaction tubes 7-9 were incubated on a roller over night at RT. 

To evaporate the solvent, the reaction tubes were frozen on dry ice and the contents freeze-dried. 2 ml 
of hexane was added to the freeze-dried material. The tubes were mixed vigorously and the hexane 
evaporated under vacuum. The dried material was resuspended in water and the pH adjusted to neutral 
with 10% ammonium hydroxide. The samples were then freeze-dried. Finally, the lyophilised material 
was resuspended in water, and in each case the pH adjusted to pH 7.2-7.4. The volume of these samples 
was then adjusted to 5ml and the samples were filter sterilised prior to testing for their biological 
activities. 

Results 

Figs 1 and 2 show the effect of Nephronin in inhibiting LPS-induced TNF-a and IL-la. The inhibition 
profile shows a clear dose dependent response to increasing volumes of different preparations of 
Nephronin. Interestingly, increasing carbon chain of the acid used, seems to increase the potenc>' of 
these preparations for both qlokines measured. In these preparations Na3 Citrate was first mixed with 
the appropriate acid where a ten fold molar ratio of the acid to the Na3 Citrate was used. These 
preparations show^ a much higher potenc>' in inhibiting LPS-induced cj'tokine production than previous 
preparations. 

Figs, 3-8, show the comparison of biological activity of preparations where the acid treated Na3Citrate 
mixture and the acid soluble material were used in the synthesis procedure. 

Figs 3 and 4 show the inhibition of LPS-induced TNF-a and IL-la, where acetic acid was used in the 
synthesis procedure. Clearly the acetic acid soluble material did not result in a compound that could 
inhibit TNF-a and IL-la production. Rather, the data shows an increase in the levels of c>lokines 
measured, suggesting that this particular preparation may be toxic to the cells. 

Figs 5 and 6 show the inhibition of LPS-induced TNF-a and IL-la, where propanoic acid was used in 
the sj'nlhesis procedure. Interestingly, where propanoic acid soluble material was used, the resulting 
product was very potent in inhibiting both TNF-a and IL-la production. However, the potenc>' of the 
acid soluble material seems to be slightly less than the preparation where the acid treated mixture was 
used. The difference in their potenc)' is more pronounced for IL-la than TNF-a. 

Figs 7 and 8 show the inhibition of LPS-induced TNF-a and IL-la, where butyric acid was used in the 
s>'nthesis procedure. The data obtained from the dose dependent inhibition of these c>tokines is very 
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similar to that for propanoic acid. Interestingly, the acid soluble material seems to be very potent in 
inhibiting LPS-induced cjlokine production at low concentrations. However, the inhibition profile 
seems to plateau at higher concentrations of this preparation for TNF-a. Both preparations ate 
extremely potent in inhibiting IL-la production, where 100% inhibition is achieved when 10^1 of either 
5 preparation is used. 

This difference in potency obsen-ed between preparations for propanoic acid and butyric acid may be 
due to the amount of active material that may be present in each preparation. Alternatively, this effect 
may be due to the concentration of Na3Citrate present in preparations where the whole mixture was 
used. Data from previous experiments clearly demonstrates some inhibition of cjtokine production that 
10 is ascribable to citrate salt. 

Figs 9 and 10 show the dose dependent inhibition of LPS-induced TNF-<x and IL-loc for preparations of 
Nephronin, where the Na3Citrate was first treated with the appropriate acids, followed by removal of 
the acid soluble material, (preparations 7-9). The inhibition profile for these three preparations shows 
an increase in the potency of the preparations with increasing carbon chain length of the acids used. 
This increase in the potency is more pronounced for IL-la, although the trend is true for both 
cjlokines. 

Figs 11 and 12 show the effect of all nine preparations on PHA-induced TNF-a and Il-la production. 
The data are expressed as percent inliibiUon of Uie cytokines produced compared to cells stimulated 
with PHA alone. Preparations 1, 3 and 5 inhibited PHA-induced TNF-a producUon by 75, 58 and 60% 
respectively. These preparations correspond to preparations where acetic acid, propanoic acid and 
but3Tic acid were first added to the Na3Citrate and the mixture was used in the synthesis procedure. It is 
noteworthy that with increasing carbon chain length of the acid, the sj-nthesised material became less 
potent in inhibiting PHA-induced TNF-a. Considering that the same amount of Na3Citrate was used in 
each, the reduction in inhibition must be inversely proportional to the increasing carijon number. It is 
important that under Uie test conditions, such a trend was not observed for inhibition of IL-la. This is 
not suiprising, since almost 100% inhibition was obserA'ed when 40^1 of each sample was used. 

Preparations 7, 8 and 9, correspond to preparations where Na3Citrate after remm-al of the acid soluble 
material from treatment with acetic acid, propanoic acid and butyric acid respectively, were used in the 
s>'nthesis procedure. These preparations inltibited PHA-induced TNF^ production by 74, 81 and 67%. 
respectively. These preparaUons were more potent compared to their corresponding preparaUons 1. 3 
and 5 in inhibiting TNF-a production. Nevertheless, a similar pattern of inhibition was obser^'cd as 
above with an exception for preparation 8. These preparations exhibited 100% inhibition of PHA- 
induced IL-la, and a distinguishing inhibition pattern was not observed. 
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Preparations 2, 4 and 6, corresponds to preparations where the acid soluble material decanted from 
treatment of Na3Citrate with acetic acid, propanoic acid and butyric acid respectively, were used in the 
S)'nthesis procedure, showed 37, 22 and 37% inhibition PHA-induced TNF-a production. Interestingly, 
these preparations only showed 2, 1 and 25% inhibition of PHA-induced IL-la production. 

Conclusions 

Several conclusions can be drawn from the data obtained in this experiment. 

1. Biologically active Nephronin can also be syntliesised witli acids of longer chain length than acetic 
acid. This is important, since initial attempts with palmitic. Oleic, pentadecanoic acid etc, resulted 
in a biologically active pentadecanoic acid preparation. These findings suggest Uiat, theoretically at 
least, Nephronin can be sj nthesised with acids with carbon chain length of up to 14 carbon 
(pentadecanoic acid). Attempts should be made to s>'nthesis Nephronin from saturated and 
branched forms of these acids. This might result in preparations that have different biological 
activities. However, this does not discount the fact that fatty acids of longer carbon chain can also 
be used in tlie synthesis process. Although, the procedure may need to be optimised. 

2. Using acids with increasing carbon chain length results in compounds that are more potent than 
preparations with acids of lower carbon chain length. 

3. It is also possible to s}'nthesis a compound using the acid soluble material that can inhibit LPS- 
induced TNF-a and IL-la production. The potenc>' of these preparations increased with the carbon 
chain length of the acids used. 

4. Preparations where acid soluble material was used in the synthesis of Nephronin were considerably 
less potent in inhibiting TNF-<x production compared to their ability in inhibiting IL-la for PHA- 
induced c)lokine production. This is particularly important in the cases of propanoic acid and 
butyric acid, where LPS-induced cj'tokine production was also inhibited significantly. 

5. Treatment of the Na3 Citrate with the relevant acid, followed by removal of the acid soluble 
material resulted in preparations that were more potent than any other preparation to date. 

6. Increasing the ratio of the acid to Na3Citrate to 10:1, in general resulted in more potent 
preparations. 

7. Synthesis of active Nephronin can be achieved in only 2h, when the POC13 reaction mixture is 
added to the citrate. Tlie time of sj nlhesis may play an important role in final optimisation of the 
s}'nthesis procedure. 
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Because oflhe importance of the data obtained from this particular experiment, a more comprehensive 
testing of these samples was peiformed. The effect of these samples were tested at 24 and 48h post- 
stimulation. 

Repeat of Exnerimcnt 17 rExiieriment 17R) 

The preparations from experiment 17 were used to re-evaluate the activities obtained for each sample. 
Results 

Figs 1-4 from experiment I7R show die dose dependent LPS-induced inhibition of TNF-a and IL-la 
production by preparations of Nephronin where acetic acid was used in the sj^nthesis procedure. 
Figs 1 and 2 show the inhibition of TNF-a by Uiree preparations of Nephronin at 24 and 48h post- 
stimulation. 

Preparation 1 refers to the product where Na3Citrate was first treated with acetic acid, and the mixture 
was used in the synthesis procedure, inhibited TNF-a by 41% at 24h and only 18% at 48h. 
Preparation 2 refers to the product where the acid soluble material after treatment of Na3Citrate with 
acetic acid was used in the synthesis procedure, showed minimal inhibition of TNF-a at 24. and 48h 
post-stimulation. Indeed the data show an increase in the concentration of TNF-a compared to cells 
stimulated with LPS alone. This might be due to toxic effects of this preparation. 

The inhibition profile for preparation 7, where Na3citrate was first treated with acetic acid and after 
removing the acid soluble material, the remaining solid was used in the s^^nthesis procedure, showed a 
more potent inhibition. The apparent inhibition of LPS induced TNF-a was considerably reduced by 
48h post-stimulation from 57% to 30%. The reduction in the potenc>' of these preparations at 48h post- 
stimulation might be due to up take of Nephronin by the cells. 

Figs 3 and 4 show the inhibition profile of IL-la for the same samples. A similar inhibition profile is 
produced for IL-la, except that preparations 1 and 7 inhibited LPS-induced IL-la by 94 and 87% 
respectively at 24h post-stimulation. This inhibition is reduced to 15 and 22% by 48h post-stimulation. 
These preparations seem to be more potent in inhibiting IL-la than TNF-a, Preparation 2 did not show 
any significant inhibition of either TNF-a or IL-la at both time points. 

Figs 5-8 show the inhibition profile of LPS-induced TNFkx and IL-la for preparaUons of Nephronin, 
\\'here propanoic acid was used in the synthesis procedure. Preparation 3 refers to the mixture of acid 
and Na3Citrate, preparation 4, the acid soluble and preparation 8 the Na3Citrate after removal of acid 
soluble material, that were used in the s>'nthesis procedure. The dose dependent profiles are very similar 
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10 the acetic acid preparalion, except that the acid soluble material could inhibit TNF-a at both 24 and 
48h post-stimulation, with the potency reduced by 48h. 

In the case of IL-la inhibition, all three samples showed inhibition of IL-la at 24h post-stimulation. 
Interestingly, preparation 4, where the acid soluble material was used, 27% inhibition was achieved. By 
5 48h post-stimulation the profile of IL-la had changed so that none of the three samples showed any 
inhibition, in fact an increased level of IL-la was measured, suggesting stimulation of the PBMC. 
Figs 9-12 show the inhibition profile of LPS -induced TNF-a and IL-la for preparaUons where butyric 
acid was used in the s>'nthesis procedure. Preparation 5 refers to acid treated Na3 Citrate, where the 
mixture was used in the s>'nthesis. In preparation 6, the acid soluble material was used and in 

10 preparation 9, the Na3 Citrate after removal of the acid soluble material was used in the s>'nthesis 
procedure. These preparations essentially gave the same profile as before, except that they seem to be 
more potent in inhibiting both TNF-a and IL-a production. In the case of TNF-a, they remained potent 
at 24 and 48h post-stimulation. However, in the case of IL-la, preparations 5 and 9 achieved 100% 
inhibition with only 10^1 of each sample, whereas preparation 6 showed 40% inhibition. Interestingly, 

15 preparations 5 and 9 remained very potent and achieved 100% inhibition when 20^1 of the samples was 
used. This suggests that Nephronin binds to the cells and is being used up with time. However, 
preparation 6 did not show any inhibition at 48h post-stimulation, and seemed to stimulate the cells 
since tlie concentration of IL-la was higher tlian cells with LPS alone. 

Next, the inhibition profile of these samples for PHA-induced TNF-a and IL-la was investigated. 
20 Figs 13-16 shows the inhibition profile for Nephronin preparations where acetic acid was used as above. 

All three preparations showed inhibition of PHA-induced TNF-a. Interestingly, they continued to 

inhibit TNF-a production by 48h post-stimulation with increased potenc>'. Similar results were also 

obtained for PHA-induced IL-la production. Once again, the inhibition profiles show an increase in the 

amount of inhibition at 48h than 24h post-stimulation. 
25 Figs 17-20 show the inhibition profiles for preparations of Nephronin where propanoic acid was used. 

Inhibition profiles for these preparations are very similar to those previously shown, where similarly at 

48h post-stimulation they seem to be more potent than at 24h. 

Figs 21-24 shows the PHA induced inhibition of c>lokine production, where propanoic acid was used. 
Once again the inhibition profile for these preparations are ver>' similar to the previous two 
30 preparations. Similarly, these samples also seem to increase in their potency by 48h post-stimulation. 



Conclusions 
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The data oblained from this experiment is veo^ similar to that obtained from experiment 17. However, 
the fact that these samples were also studied at 48h post-stimulation enabled the following conclusions 
to be drawn from these results. 

1. The ability of Nephronin to inhibit TNF-a and IL-la is reduced with time, suggesting that 
Nephronin might be taken up by cells and degraded. Given the fact that if Nephronin were to bind 
to the mitogen itself and neutralise its effect, the incubation time post-stimulation should not effect 
the outcome. Nevertheless, it should also be bom in mind that cjtokines such as TNF-a and IL-la 
stimulate the release of other olokines as well as stimulating the release of more of the same. 
Clearly further studies are required to demonstrate the mechanism of the action of Nephronin. 
2. Although the acid soluble material used in die s}'nthesis of Nephronin were significantly less potent 
in inhibiting LPS-Induced cytokine production, they seem to be very potent in inhibiting PHA- 
induced cytokine production. Interestingly, this potenc>^ increases with the time of incubation post- 
stimulation. 

L Since the acid soluble material contains ve^^ little Na3Citrate, the obser%'ed inhibitions can not be 
ascribed to the citrate salt. 



Experiment 18 



Results from experiment 16 showed that when NaSCitrate was mixed with hexane and the acid, the 
solvent soluble material was not effecUve in inhibiting LPS-induced cytokine production. In fact these 
samples seem to cause an increase in the amount of cytokines measured. 



Aims 

1. To test whether removal of the solvent soluble material effects the potency of the final product. 
Data from experiment 16 suggested that the solvent soluble material was toxic to the cells. 
Consequently, removal of this fraction might assist in removing some of the toxic compounds that 
may be present in these preparations. 



Methods 

The following reaction tubes were set up 

1 300mg of Na3Citrate + 540^1 of Acetic acid + 2ml Hexane 

2. 300mg of Na3 Citrate + 690|al of Propanoic acid + 2ml Hexane 

3. 300mg of Na3 Citrate + 835^1 of Butyric acid + 2ml Hexane 
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4. 300mg of Na3Citrale + 540|al of Acetic acid + 2ml Hexane 

5. 300mg of Na3Cilrate + 690yi\ of Propanoic acid + 2ml Hexane 

6. 300mg of Na3Cilrate + 835|al of Butyric acid + 2ml Hexane 

After 4h incubation at RT, all samples were centrifijged at 4000rpm for 10 minutes. In the case of tubes 
1, 2 and 3, the solvent layer was removed and the tubes were allowed to stand under in a fume hood for 
excess solvent to evaporate. 
The following POC13 reaction tubes were set up, 

1. 2ml Hexane + 180^1 Acetic acid + WO^l POCL3 

2. 2ml Hexane + 230^1 Propanoic acid + 100^1 POCL3 

3. 2ml Hexane + 250^1 But>Tic acid + 100|al POCL3 

4. 2ml Hexane + 180^1 Acetic acid + lOOjxl POCL3 

5. 2ml Hexane + 230^1 Propanoic acid + 100^1 POCL3 

6. 2ml Hexane -f 250|al Butyric acid + lOOfil POCL3 

The tubes were capped under nitrogen and allowed to mix at RT on a roller for 25 minutes. After this 
time, the reaction mixtures were then added to the appropriate tubes containing the Na3Citrate. Once 
again the tubes were capped under nitrogen and incubated over night with mixing on roller. 
The tubes containing the reaction mixtures were freeze-dried to e\^aporate the solvent. 2ml of Hexane 
was added to the lyophilised material and the content mixed vigorously. To remove the hexane the tubes 
were dried under vacuum. The lyophilised material was resuspended in 3ml of water and the pH 
adjusted to neutral with 10% ammonium hydroxide. The samples did not seem veo' soluble in water, 
however, addition of ammonium hydroxide to the solution seemed to assist solubilization of the 
samples. Upon addition of the ammonium hydroxide to the samples, a white fume was given off. 
The pH of the samples was adjusted to pH 7.4 and tlie samples were freeze-dried. The lyophilised 
material was resuspended in 5ml of water and the pH re-adjusted to pH 7.4 as before. All preparations 
were filter sterilised prior to being tested for their biological activit>'. 

Results 

To evaluate whetlier removal of the solvent soluble material would enable cleaner preparations, three 
identical S}'nthesis procedures for acetic acid, propanoic acid and butyric acid were performed. The only 
variance introduced was removal of the solvent soluble material from one of the sj^nthesis during the 
synthesis procedure. Consequently, the solvent soluble material was removed from the duplicate 
preparations, 1, 3 and 5. 
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Figs 1-4 show the dose dependent inhibition of two preparations of Nephronin where acetic acid was 
used in the s>-nthesis procedure. The inhibition profiles of these samples were tested at 24 and 48h post- 
Stimulation. 

Figs 1 and 3 show the inhibition of LPS-induced TNF-a production at 24 and 48h post-stimulation 
respectively. The inhibition cun-es are remarkably similar in both cases, except that the amount of 
TNF-a measured is slightly less at 48h post-stimulation. Figs 2 and 4 show the inhibition of LPS- 
induced IL-la secretion. Interestingly these samples show good inhibition of IL-la at 24h post- 
stimulation, which is considerably reduced by 48h post-stimulation. Both preparations show very- close 
dose response curves. 

Figs 5-8 show the inhibition profiles of preparations 2 and 5. where propanoic acid was used in the 
synthesis procedure. Once again a very similar profile was obtained for both samples. It is noteworthy 
that these particular preparations were not as potent as expected. It is likely that during the synthesis 
procedure minor adjustments were inadvertently introduced that effected the final product. 
Figs 9-12 show the inhibition profile of preparations where butjric acid was used in the sj nthesis 
procedure. These preparations also produced almost parallel inhibition profiles. It is noteworthy that in 
the case of LPS-induced IL-la production at 48h post-stimulation, the amount of IL-la detected in the 
cells with LPS alone was considerably less than expected. However, the inhibition profiles obtained are 
ver>' similar. 

Given the fact that these preparations gave such close inhibition profiles, the dose response cur^'es for 
20 PHA-induced TNF-a and IL-la is shown for all six preparations. 

Figs 13 and 14 show the inhibition of PHA-induced TNF-« and IL-la at 24h and figs 15 and 16 for 
48h post-stimulafion. These preparations were very potem in inhibiting IL-la production at both 
incubation times. However, preparations 2 and 5, were slightly less effective, which might be due to 
problems in the synthesis procedure. It is also noteworthy that at 48h post-stimulation, these samples 
showed reduced potency. This might be due to up take of Nephronin by the cells. 
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Conclusions 



The data from this experiment suggests that removal of the solvent soluble material does not effect the 
potency of the final product. This might be due to the fact that much of the toxic material is removed 
during the freeze-di^'ing process, including the solvent and some of the ammonium salt that are 

evaporable. 



Exneriment 19 



35 



45 



Preparations 7, 8 and 9 from experiment 17 are the most potent samples produced to dale. Ii was 
decided to repeat these s>'nthesis. Furthermore, minor modifications were introduced in an attempt to 
optimise the synthesis reaction. 
The following reactions were set up 

1 . 300mg Na3 Citrate + 540|al Acetic acid 

2. 300mg Na3Citrate + 690^1 Propanoic acid 

3. 300mg Na3Citrate + 835^x1 But>Tic acid 

4. 300mg Na3Citrate + 540fal Acetic acid 

5. 300mg Na3Citrate + 690^1 Propanoic acid 

6. 300mg Na3Citrate + 835fil But>'ric acid 

7. 300mg Na3Citrate + 540(il Acetic acid 

8. 300mg Na3Cilrale + 690|al Propanoic acid 

9. 300mg Na3Citrate + 835^1 But>Tic acid 

When the appropriate acids were added to the tubes, the content was mixed vigorously. In the case of 
acetic acid treatment of Na3 Citrate, the acid became very viscous. 

After 2h incubation at RT, tubes 4, 5 and 6 were centriftiged at 4000 rpm for 10 minutes and the liquid 
was removed. Once again the tube containing the acetic acid was vety viscous. After removal of the 
acid, the same volume as the starting volume of each acid was added to the appropriate tubes. After a 
ftirther 3h incubation at RT, all tubes were centrifuged at 4000 rpm for 10 minutes and the liquid 
removed. The tubes were placed in fume hood with open caps to allow evaporation of excess acid. 
The following POC13 reactions were set up and after 30 minutes incubation at RT, the content of each 
tube was poured into the appropriate pre-treated citrate tubes. 

1 . 180^1 Acetic acid + 2ml hexane + lOOfil POC13 

2. 230^1 Propanoic acid + 2ml hexane + lOO^il POC13 

3. 250|il Butj'ric acid + 2ml hexane + 100^1 P0C13 

4. \SO\i\ Acetic acid + 2ml hexane + 100^1 POC13 

5. 230jil Propanoic acid + 2nil hexane + lOOjil POC13 

6. 250^1 Butyric acid + 2ml hexane + lOOjil POC13 

7. 180^1 Acetic acid + 2ml hexane + lOOjil POC13 

8. 230^1 Propanoic acid + 2ml hexane + 100^1 POC13 

9. 250|il Butyric acid + 2ml hexane + 100|al POC13 
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Two ver>' important modifications were introduced in these preparations 

i In this cxncrimcnt. the Pn CI3 reactions were not canned under nitrnp on 

2. After addition of POCI3 to t he prc- treat cd cit rate tuhes. one.. «gain the t„h.. wore not cann>>.l 

under nitrogen. 

In each case, the content of each tube was mixed vigorously to ensure full mixing of the reaction 

mixtures. The reaction tubes were incubated at RT over night with mixing on roller. 

The solvent (the liquid phase) from tubes 7, 8 and 9 was removed. The tubes were placed in a fume 

hood to allow evaporation of the remaining amount of solvent. 2 ml of Hexane was added to each tube 

and the content of each tube mixed vigorously. The solvent was removed and once again Uie tubes were 

placed open in a fume hood to allow evaporation of the remaining amount of the solvent. 

In the case of reaction tubes 1-6, the content of each tube including the solvent was freeze-dried. 2ml of 

hexane was added to the Ij ophilised material and after vigorous mixing of the tubes, the solvent was 

evaporated under vacuum. 

In all cases 3ml of water was added to each tube. The solids did not dissolve very easily in water. 
However. addiUon of 10% ammonium hydroxide seemed to assist in the dissolving of the solids. The 
pH of each sample was adjusted to pH 7.4 and the samples were freeze-dried. 

In order to gauge the concentration of the samples, the weight of preparation in each tube was 
determined. 

^^^^^o Weight in mg 

^ 620mg 
^ 730mg 
^ 860mg 

488mg 

^ 730mg 
^ 960mg 

700mg 

^ 700mg 
^ 700mg 

The lyophilised material was resuspended in water and the pH adjusted to pH 7.4 with ammonium 
hydroxide. The final volume in each case was adjusted to give lOOmg of sample per ml of water. 



Results 
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The fad that none of these preparations were effective in inhibiting either LPS or PHA induced 
cytokine production, suggests that the s>iithesis had not been successful. The only modification of any 
importance that was introduced was to perform the reactions in air. This matter was brought to the 
attention of a chemist who suggested that esterification of Na3 Citrate with the acid chloride did not 
5 require nitrogen and that these results may be false negative. 

The fact that these preparations were ineffective in inhibiting mitogen induced cjtokine production 
serves as a good control for these studies, in tliat only successful s)'nthesis of Nephronin results in 
preparations that are able to inhibit both LPS and PHA stimulation. However, these particular synthesis 
need to be repeated and the results confirmed. 

10 

Experiment 20 

In this experiment essentially the same procedure as experiment 19 was followed except that the 
amount of each reactant was increased by 10. The reactions were therefore performed in 50ml falcon 
15 tubes. The following reaction mixtures were set up. 

1. 3g Na3 Citrate + 5.4 ml Acetic acid 

2. 3g Na3 Citrate + 6.9ml Propanoic acid 

3. 3g Na3Citrate + 8.35ml of Butyric acid. 

20 

The content of each tube was mixed tlioroughly and the tubes were allowed to stand at RT with 
occasional mixing. After approximately 3h incubation, the tubes were centrifuged at 4000 rpm for 10 
minutes and the acid product (liquid) was removed, the same volume of fresh acid was then added to 
each tube. The content of each tube was thoroughly mixed and allowed to stand at RT over night. The 
25 following day, the tubes were centrifuged at 4000 rpm for 5 minutes and the liquid was decanted. The 
tubes were placed in a fume hood, left open to allow evaporation of excess acid for 30-45 minutes. 
The following POC13 reaction mixtures were set up; 

1. 1.8ml of Acetic acid + 10 ml Hexane + 1ml POC13 
30 2. 2.3ml of Propanoic acid + 10 ml Hexane + 1ml POC13 
3. 2.5ml of Butj'ric acid + id ml Hexane + 1ml P0C13 

Once again the tubes were not capped under nitrogen to test the effect of air in the s>'nthesis. The 
content of the tubes were mixed and placed on roller for 30 minutes. After this incubation period, the 
35 content of each tube was poured into the appropriate tubes containing the treated Na3Citrale tubes. 
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Again, the tubes were not capped under nitrogen. The conlenl of each tube was mixed and the reaction 
tubes were incubated over night at RT. 

After the POC13 reaction, the solvent (liquid) from each tube was removed. 5ml of hexane were added . 
to the remaining solids. The tubes were mixed vigorously and the hexane removed. The solids were 
once again washed with 5ml of hexane and the solids were allowed to dr>' in a fiime hood. 
Data from experiment 19 had clearly shown that the fmal lyophilised products were significantly 
heavier than the starting weight of the citrate. For tliis reason the weight of each sample was 
determined at this stage. 



Samples Weight g 

1. Acetic acid reaction 3,58g 

2. Propanoic acid reaction 5. ig 

3. But>Tic acid reaction 5.57g 



The reason that the solid from the acetic acid reaction weighs so much less is thought to be due to some 
of the Na3Citrate dissolving in the acid and being removed when the acid (liquid) was removed. 
However, the lyophilised products weighed significantly more than the 3g starting weight of the 
Na3 Citrate. 

To each preparation 10ml of water was added To assist dissolving of the solids, ammonium hydroxide 
was added to each tube. Once again, a white ftime was visible upon addition of ammonium hydroxide to 
each tube. This is thought to be ammonium chloride. The pH of the samples was adjusted to pH 7.4. 
The volume of each sample had increased to approximately 20ml. Each sample was divided into two, 
and freeze-dried. Because of the high concentration of salts, the samples regularly thawed out. 
However, after a prolonged freeze-diying process the weight of the Ij^ophilised samples were 
determined. 



1 . Acetic acid preparation 4. 1 Ig 

2. Propanoic acid preparation 6. 1 16 

3. Butyric acid preparation 6.79 

Once again the weight of the samples had increased. This is presumably due to the weight of the 
ammonium salt of the samples. 

The samples were dissolved in water and the pH adjusted to pH 7.4. The final volume of preparation 
was adjusted so that it contained 0.3g material /ml of water. The samples were filter sterilised as in 
previous experiments and tested on PBMC for their biological activity. 
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Results 

These samples were tested for their inhibition of LPS and PHA induced TNF-a and Il-la production. 
Similar to data obtained from experiment 19, these preparations failed to inhibit these mitogen induced 
c>lokine productions. 

5 

Conclusions 

This is the second time that preparation of Nephronin has resulted in samples that are not effective in 
inhibiting mitogen induced cytokine production. The only modification of importance, was performing 

10 the reaction in air. This is ver>' interesting, considering that when the tubes were being capped under 
nitrogen, it is certain that under the conditions used, it would not have been possible to remove all of 
the ox>'gen, if ox>'gen is indeed responsible for tliis phenomenon. Once again the data from this 
experiment serves as a control. Although in previous experiments appropriate controls have been used 
to demonstrate the specificity' of preparations of Nephronin, these unsuccessful preparations are ideal as 

15 a control since they have been taken through the s>'nthesis procedure including the use of P0C13. 

Whilst pH adjustment of samples in previous successful s>'nthesis had resulted in the formation of the 
white fume, this can not be taken as an indication of a successful synthesis, since the same phenomena 
was observed witli tliese unsuccessful s>^nthesis. 

20 ExDcriment 21 

At this point Hexanoic and Octanoic acid were also received. These two acids will also be used in 
attempts to s)'nthesis biologically active Nephronin. 

The data from experiments 19 and 20 clearly demonstrated that for a successful sj^nthesis, the P0C13 
25 reaction must be performed under nitrogen. Although, as yet no explanation is available as to why this 
is the case, the results are apparent. The absence or the presence of oxj'gen is not thought to play an 
important part in the syntliesis of the hypothesised compound. The possibility' exists that the synthesis 
procedure results in the production of a compound that is totally unrelated to the structure of 
Nephronin. 

30 

Aims 

1 . To s>'nthesis Nephronin under nitrogen. 

2. To increase the lime of incubation of Na3Citrate with the appropriate acids to allow the reaction to 
35 go to completion. It is thought that the incubation of the acid might result in production of acid 

anhydrides and sodium salt to the acid. The sodium salt of the acid will be removed when the acid 
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soluble material is removed and the citrate-acid anhydride is used in the POC13 reaction mixture. 
The data from previous experimems indicates that in using this procedure a more potent compound 
is produced. Consequently, the incubation time of the Na3Citrate with the acids is increased from » 
few hours to at least 24 hours incubation. Furthermore, to increase the chances of the acid and the 
Na3Citrate mixing, the mixtures were placed on a roller, ensuring that the solid and the acid 
(liquid) were being mixed constantly. This is particularly important in the treatment of NaSCitrate 
with acetic acid. In this particular case, the treated NaBCitrate forms a verj' hard solid that tends to 
adhere tightly to the wall of the reaction tube. Thus, to ensure mixing of the content of Uie tubes the 
tubes were shaken vigorously. 



Method 



To establish the parameters for the synthesis reaction the following information was used. 
The molar volume of the acids and the POC13 were calculated from their specific gravity (s.g) 



Compound 


MW 




Volume 


Na3 Citrate 


294.1 






POC13 


153.3 


1.645 


93.2 


Acetic acid (AA) 


60.05 


1.049 


57.24 


Propanoic acid 


74.08 


0.993 


74.6 


But>Tic acid 


88.11 


0.959 


91,87 


Hexanoic acid 


116.16 


0.927 


125.3 


Octanoic acid 


144.22 


0.91 


158.5 



Based on the information given above and the fact that each citrate molecule has three carboxyl groups, 
for every' 3g of Na3Citrate, an excess of 10 fold of each was used. 

In the cases of AA, PA and BA, two reaction lubes were set up for comparison between preparations. 
The following reactions were set up; 

1. 3g Na3Citrate + 5.7ml AA 

2. 3g Na3Citrate + 5.7mi AA 

3. 3g Na3Citrate + 7.4ml PA 

4. 3g Na3Citrate + 7.4ml PA 

5. 3g Na3Citrate + 9.2ml BA 

6. 3g Na3Citrate + 9.2mi BA 
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7. 3g Na3Citrate + 12.5nil HA 

8. 3g NaSCitrate + 15.8nil OA 

The citrate and the acids were mixed ver>' vigorously. In the case of AA + Na3 Citrate, the solution 
5 became verj^ viscous and stuck to the bottom of the tube. The tubes were mixed ver>' vigorously until the 
solid was displaced. The tubes were placed on a hybaid roller for 24 hours. 

Interestingly, in the case of AA and PA, a white material had solidified on the sides of the tubes with no 
liquid visible. In the cases of B A, PIA and OA, the acid added was still visible as liquid. In these cases 
(but not AA and PA) the mixtures were centrifuged and the liquid decanted. 
10 In all cases, the tubes were placed under a fume hood to allow evaporation of excess acid for 30-40min. 

The following POC13 reaction tubes were set up. 

1. 1.8ml AA + 10ml Hexane + 1 ml POC13 
15 2.1 .8ml AA + 10ml Hexane + 1 ml POC13 

3. 2.33ml PA + 10ml Hexane + 1 ml P0C13 

4. 2.33ml PA + 10ml Hexane + 1 ml POC13 

5. 2.9ml BA + 10ml Hexane + 1 ml POC13 

6. 2.9ml BA + 10ml Hexane + 1 ml POC13 
20 1. 3.9ml HA + 10ml Hexane + 1 ml POC13 

8. 4.74ml OA + 10ml Hexane + 1 ml POC13 

The tubes were capped under nitrogen and the contents mixed initially by inverting the tubes and then 
by placing the tubes on a roller. After 30min incubation at RT, the content of the tubes was added to the 

25 relevant treated citrate tubes. Once again the tubes were capped under nitrogen before the content of the 
tubes was mixed by vigorously shaking the tubes. In the case of AA and PA reaction mixtures, the tubes 
became warm, suggesting that the reaction was exothermic. The contents of both AA and PA reaction 
lubes looked like a thick creamy coloured material that remained separate from the solvent phase. In the 
cases of BA, HA and OA, the crj'slalline did not change in form, except that tliey formed larger 

30 aggregates. 

Tlie reaction tubes were placed on a roller and the reactions were allowed to proceed at RT over night. 
After approximately 20h incubation, the reaction tubes were freeze-dried. The samples took a long time 
to dr>', particularly in the case of PA. In this instance, a milk}' coloured solution appeared that did not 
easily dr>'. To assist freeze-drying of the sample, 5ml of Hexane was added to this material. Addition of 
35 solvent caused precipitation of the while material, giving a clear solution. However, further attempts to 
freeze-dr>' the sample resulted in the reappearance of a milky coloured material. This is thought to be 
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due to rapid evaporation of Hexane, and redissolving of the white material in the liquid. The pH of this 
milky material was adjusted to neutral with 10% ammonium hydroxide. 

5ml of Hexane was added to the lyophilised material from other reaction tubes. In the cases of HA an^ 
OA, the lyophilised material seemed quite soluble in the solvent. 

Rather than attempting to dissolve tiie lyophilised material in water first, the samples were dissolved 
directly in a solution of 10% anunonium hydroxide, added gradually. In order to achieve neutral pH, all 
samples required approximately 20ml of the ammonium hydroxide solution. 
During the pH adjustment of the tubes the followng observations were made. 

In the cases of BA. HA and OH, a tanned layer was visible on top of the aqueous phase. This layer was 
very liquid in nature, and when mixed with the lower layer phase exhibited what looked like fatty 
droplets. 

In all cases, upon addition of more ammonium hydroxide solution to the mixtures, these upper layers 
began to disappear. It was noted that in the case of BA, the pH at which the tan layer disappeared was 
approximately pH 6.0-6.2. However, in the case of HA, the pH was very near pH 7.0. In the case of OA. 
as the pH of the sample neared pH 7.0, the material turned into a jelly like mass, that became fluid with 
further addition of ammonium hydroxide. The pH of all samples ^vas adjusted to pH 7.4. and filter 
sterilised prior to being tested for their biological activity. 



Results 



Fig 1 shows the inhibition profile of LPS-induced TNF-a production for all the preparations. Duplicate 
preparations of AA, BA and PA were being tested to assess variabilit>' in the potenc>' of preparation in a 
given biological s>-stem. The results indicate that in general, the potency of the preparations increased 
with increasing carbon chain of the acid. Interestingly, in the case of OA, addition of 10^1 of the 
product resulted in 100% inhibition of TNF-oc. Microscopic examinaUon of Uie cells clearly showed that 
this preparation of OA was toxic to the cells, since significant cell death and cell lysis was observed. 
The toxicity of the OA preparation was also obser\ ed for PHA stimulation of cells. 
The inhibition of PHA induced TNF-a production was as expected. 

Conclusionsi 

1. The most importam conclusion from this experiment is that biologically active Nephronin can be 
prepared when the POC13 reaction is performed under nitrogen. 

2. Nephronin can be prepared from longer chaiir acid. However, it seems that longer chain acids 
produce toxic by product(s) that are not removed by freeze-drj'ing of the samples. 
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Experiment 22 

In experiment 21, tlie addition of AA and PA to the NaSCilrate followed with mixing and 24h 
incubation at RT had resulted in the formation of a white solid. The purpose of pre-trealing the 
5 Na3 Citrate was to remove the sodium salt of the acid and formation of citrate-acid anhydrides. 

The extent of the reaction obviously depends on how well the reaction proceeds. It was decided to pre- 
treat Na3Citrate with either AA or PA and to allow the reaction to proceed over night so that the white 
solid material was formed. The same volume as the starting volume of each acid is then added to the 
appropriate solids. The samples are then mixed and after a relatively short incubation time, the 
10 resulting liquid would be removed. The treated citrate would be taken through the reaction procedure 
and the potency of the products tested. 

Aims 

15 L To test whether further treatment of Na3 Citrate first treated witli either AA or PA with more of the 
same acids would result in the production of more potent preparations. 
2. To test the effects of a number of possible compounds that may be present in the preparations of 
Nephronin on inliibition of LPS and PHA induced cytokine production. 

20 Method 

The following reaction mixtures were set up. 

1. 3g Na3Citrate + 5.7ml AA 
25 2. 3g Na3Citrate + 7.4ml PA 

The mixtures were mixed very vigorously at first and then placed on a roller ensuring that the acid and 
the Na3Citrate ctystalline were being mixed. They were then incubated over night at RT. After this 
period, a white milky coloured thick mixture that adhered to the walls of the tubes was visible. 

30 Interestingly, within each tube certain portions looked like as hard chalky solids. To each tube the same 
volume as the starting volume of the appropriate acid was added to the tubes. The content of the lubes 
were mixed well until the solid had fully mixed with the acid. This resulted in the formation of a milky 
coloured thick liquid. The mixtures were placed on a roller and incubated for 6-8h at RT. After this 
time the milk)' coloured thick solution had become visibly more viscous. The tubes were then 

35 cenlrifuged at 4800 rpm for lOmin. Centrifiigation of the mixtures had resulted in the separation of a 
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15 



white precipilale and a clear liquid. In each case the liquid was decanted and the tubes were placed in a 
fume hood to allow excess acid to evaporate. 
The following POC13 reactions were set up. 

1, 1.8ml AA +I0ml Hexane + 1 ml POC13 

2. 2.3ml PA + 10ml Hexane + 1 ml POC13 

The tubes were capped under nitrogen prior to mixing the content. The reaction tubes were then placed 
on a roller and incubated at RT for 30min. After this time, the contents of the POC13 reaction tubes 
were added to the pre-treated citrated tubes. Once again the tubes were capped under nitrogen prior to 
mixing the content of each tube. Upon mixing the reaction mixtures, the tubes became warm indicating 
that the reaction was exothermic. In both cases, when the solids were mixed with the POCI3 reaction 
mixture, they transfonned into a liquid that remained as a separate phase to the solvent layer. The 
reaction mixtures were placed on a roller at RT. After this time, the samples were freeze-dried. 5ml of 
Hexane were added to the lyophilised material. Upon addition of hexane to this material, the white solid 
^-isibly separated from the solvent added. The hexane was evaporated under vacuum (freeze-dried). The 
resulting material looked like dough and would not dry further. 

To die dough like material 10% ammonium hydroxide was added, without attempting to dissolve the 
samples in water first. Upon addition of ammonium hydroxide, a greenish yellow solution was formed. 
20 The tubes became verj' warm. In the case of AA, the green ish-yellow colour seemed to disappear after a 
short period leaving a somewhat clear solution. In the case of PA, the coloured transparent solution 
gave way to a cloudy milky coloured solution. After ftirther addition of ammonium hydroxide, a 
colouriess, slightly cloudy solution was obserxed. The solutions became more transparent as the pH of 
the samples was adjusted to near neutral. The pH of both samples was adjusted to pH 7.4. Interestingly, 
in each case approximately 20ml of 10% ammonium hydroxide were required to adjust the pH of the 
samples to neutral. Because of the high concentration of salts in each preparation, freeze-drying of the 
samples was hampered by thawing of the samples in the freeze-diying chamber. 

Once the samples were freeze-dried, in each case the lyophilised material was resuspended in water and 
the pH adjusted to pH 7.4 with ammonium hydroxide. The samples were filter sterilised prior to being 
30 tested for their biological activity. 

Results 



25 
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Figs 1 and 2, show the inhibition profile of LPS induced TNF-<x and Il-la production by two 
preparations of Nephronin. The dose dependent inhibition profiles are similar to profiles from previous 
experiments where the synthesis was considered successfiil and the products potent. 
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It is noteworthy that preparation 2, where propanoic acid was used, tlie product was slightly more 
potent than the preparation where acetic acid was used. This follows the general trend obtained through 
out these studies. 

Figs 3 and 4 show the inhibition of PHA-induced TNF-a and ILl-a production. Once again the dose 
5 dependent inhibition profiles are similar to those previously obtained. Interestingly, in both LPS and 
PHA induced IL-la production, the preparations were more potent in inhibiting ILkx when compared 
to inhibition of TNFkx. 



The obser\'ation tliat treatment of NaSCitrate witli either acetic acid or propanoic acid resulted in the 
formation of a chalky looking solid. The formation of such a solid is very much dependent on the 
incubation time and tlie thorough mixing of the samples. Earlier studies had shown that, at least in the 
case of acetic acid treatment of Na3 Citrate, the citrate crystals tended to aggregate and adhere to the 

15 bottom of the tube. However, vigorous mixing of the mixture allowed formation of the final product. In 
the case of propanoic acid treatment of the Na3 Citrate, altliough the Na3 Citrate ctystals did not seem to 
aggregate in the same manner, the formation of tlie white aggregate was achieved. Further addition of 
the acids to tliis material resulted in the formation of a milky coloured viscus liquid that upon 
centrifugation separated into a white solid precipitate and a liquid phase. Interestingly, the pH of this 

20 liquid was several pH units higher than the acid itself This suggests that pre-treatment of the citrate 
with these acids results in formation of a salt, most likely a sodium salt of the acid that seems to remain 
in the solution. At this stage, one can only speculate as to the nature of the white solid, howe^'er, the 
likelihood of a citrate-acid anhydride can not be excluded. 

25 Exneriment 23 

The concept in pre-treating the Na3 Citrate with the acid was to remove some of the sodium salts that 
are formed with the addition of the acids to the Na3 Citrate molecule. Furthermore, the citrate-acid 
anhj'drides produced by this treatment would enable formation of the hypothesised compound. 

30 However, citrate-acid anliydrides would easily hydrolyse to the appropriate ammonium salt of the acid 
and ammonium salt of the citrate. Given the fact that ammonium acetate is more easily removed by 
freeze-diying of samples, than ammonium salts of other acid products, led to the following hypothesis. 
Pre-treatment of Na3Citrate with acetic acid would result in the production of citrate-acid anhydride. If 
this preparation was then treated with POC13 reactions where different acids were utilised, different 

35 versions of Nephronin could be synthesised. 



Conclusions 
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Aims 

To synthesise different versions of Nephronin from pre-treated Na3cilrale with acetic acid, and use of 
different acids in the POC13 reaction mixture. 

Methods 

4 tubes, each containing 3g of Na3Citrate were prepared. To each tube 5.7ml of acetic acid was added 
and the content of each tube was mixed vety vigorously. The tubes were placed on a roller over night at 
RT. 

In each case the liquid had disappeared and a white material was produced. Interestingly, in some cases 
the while material was hard and chalky in nature, compared to white semi-hard material in other tubes. 
A further 5.7ml of acetic acid was added to each tube and the content of the tube was mixed vigorously. 
In all cases a thick milk>' solution was formed. The tubes were placed on a roller and incubated at RT 
for a further 3-4 hours. After this time, the tubes were centrifuged at 4800 rpm for lOmin at RT. The 
clear liquid was decanted from each tube and the white solids were placed in a fume hood with open top 
for 30-40min to allow evaporation of excess acid. 

The following POC13 reaction mixtures were set up; 

1. 2.33ml of PA + 10 ml Hexane + 1ml POC13 

2. 2.9ml of BA + 10 ml Hexane + 1ml POC13 

3. 3.94ml of HA + 10 ml Hexane + 1ml POC13 

4. 4.74ml of OA + 10 ml Hexane + 1ml POC13 

The tubes were capped under nitrogen. The tubes were placed on a roller to allow mixing of the 
contents of each tube. After 30min incubation at RT, the content of each tube was poured into numbered 
tubes. As soon as POC13 reaction mixtures were added to the tubes, the tubes were capped under 
nitrogen. The content of each tube was mixed by vigorously shaking the tubes. In each case, the solid 
material changed to a milk>' coloured thick solution that remained separate from the solvent phase. 
Upon mixing the content of each tube, the tubes became warm to the touch, suggesting that an 
exothermic reaction was in progress. 

Interestingly, in the cases of BA, HA and OA, after the addition of POC13 reaction mixture to the tubes, 
the white solid material initially changed to a thick white liquid. However, within a few minutes of the 
reaction, this white liquid changed to a semi solid (dough like) material. The tubes were placed on a 
roller over night. 
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Atlempls at freeze-dr>'ing the samples failed. It was decided to add 5ml of hexane to each tube and 
remove the solvent soluble material, rather than freeze-dr>^ the samples. Upon addition of hexane to the 
lubes, followed by mixing, an opaque solvent layer was formed. The tubes were cenlrifuged at 48000 
rpm for lOmin. In the case of propanoic acid, two layers were visible. An upper opaque layer and a 
5 tanned lower layer. In each case the upper opaque solvent layers were removed. 

In an attempt to clean the preparations, 5ml of hexane was added to each tube. The tubes were mixed 
vigorously and centrifiiged as above. Once again an upper opaque laj'er was observed. Interestingly, in 
the case of PA, the volume of tlie tanned layer had reduced considerably. The solvent washing 
procedure was repeated three more times, at the end of each time, the solvent layer was decanted. At the 
10 end of this procedure the solvent layer was no longer opaque. 

The solvent layer from each tube was pooled in appropriately numbered tubes. To test the biological 
activit>^ of the solvent soluble material in the pooled solvent layer, they were freeze-dried. The 
lyophilised solvent soluble material was very hydroscopic and quickly absorbed moisture. 

15 The precipitates, after cleaning washing with the solvents had become slightly tanned. To dissolve the 
material in each tube, and to reduce the fmal volume of the sample, 20% ammonium hydroxide was 
used. Upon addition of ammonium hydroxide to each tube, a transparent greenish-yellow solution was 
formed. The tubes became very hot. This transparent coloured solution changed into a white chalky 
liquid. Upon addition of more ammonium hydroxide, the chalky coloured liquid changed to a slightly 

20 cloudy solution. The pH of the samples was adjusted to pH 7.4 and the samples were freeze-dried. 

These samples constantly thawed whilst being freeze-dried, leaving a clear solution with a white 
precipitate. Without mixing the samples, the contents of the tubes were frozen and they were then 
freeze-dried. Using this procedure resulted in successful freeze-drying of the samples. 
In each case the weight of the lyophilised material was approximately 8g, which is three times the 

25 starting weight of Na3 Citrate. 

These samples were dissolved in water and the pH adjusted to pH 7.4 and the final volume was made up 
to 40ml. 

The lyophilised solvent soluble material was dissolved in a few ml of waier. The pH of the samples was 
measured. These samples were veiy acidic with an average pH of 1.0. Interestingly, whilst adjusting the 

30 pH of these samples, similarly to obser\'ations made in experiment 21, two layers were formed, an 
opaque upper layer and a taimed lower layer. Furthermore, as the pH of these samples was being 
adjusted to neutral, the lower tanned layer disappeared. In the case of OA, the mixture turned into a 
jelly like material that turned into liquid when more ammonium hydroxide was added, and the pH 
adjusted to pH 7.4. The important point that must be taken into consideration is that in experiment 21, 

35 these observ'ations were made in preparations of Nephronin ^\ithout the hexane washing procedure, 
however, in these cases, the solvent soluble material decanted during the hexane washes exhibited these 
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properties. It seems that the hexane washing procedure might have introduced a cleaning step in the 
preparation of Nephronin. 

All samples were filter sterilised and tested for their biological activitj . 
5 Results. 
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Figs 1 and 2 show the dose dependent inhibition of LPS-induced TNF-a and IL-la by four different 
preparations of Nephronin. In these cases the Na3Citrate ^vas pre-treated with acetic acid. Different 
acids were then used in the POC13 reaction and the synthesis procedure. 
10 The inhibition profiles are very similar to inhibition profile from previous experiments, except that in 
this case, the preparations where acids of longer carbon chains were used, seemed relatively less potent 
than preparations where acids \viUi shorter carbon chain length was used. 

Fig 1 shows the inhibition of LPS-induced TNF-a production. Preparation 4, where Octanoic acid was 
used in the synthesis is less potent Uian preparation 3, where Hexanoic acid was used. Preparations 1 
and 2, where Propanoic acid and Butyric acids were used exhibited very similar potencj-. 
Fig 2 shows the dose dependent inhibition of LPS-induced IL-la for the same preparations. 
Although these preparations exhibited very high inhibition of IL-la when only 10^1 of each preparation 
was used, a similar pattern in Uic inhibition was obser%'ed. Preparations 3 and 4 corresponding to 
Hexanoic and Octanoic acid preparations respectively were less potent than those exhibited by 
20 Propanoic and Butyric acid, preparations 1 and 2 respectively. 

Figs 3 and 4 show the dose dependent inhibition profile of PHA induced TNF-a and IL-la for the same 
preparations. The differences in the poteno' of these preparations seen for LPS-induced otokine 
production are no longer obvious. Once again, these preparations seem more potent in inhibiting IL-la 
production than TNF-a. Howwer, they remain very potent in inhibiting these cjlokines and the 
25 s>'nthesis of Nephronin is considered successful. 
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Conclusions 



Pre-treatment of Na3Citrate with acetic acid followed by the synthesis of Nephronin with different acids 
used in the POC13 reaction, resulted in preparations that are potent in inhibiting TNF-a and IL-la. 
However, contrary to previous observations, in these instances, where acids of longer chain length was 
used, the resulting preparations were less potent. It must be born in mind that the observed in the 
potency of these preparations is relatively small, however, the differences in their poteno' remain 
significantly different from each other. 



35 
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ExDcrimcnt 24 

Na3Citrale is used for the synthesis of Nephronin. However, Na3Citrate can itself produce some false 
results. This may be due to the chelating effects of Na3Citrate. In order to test for the chelating effect of 
5 Na3Citrate in the preparations of Nephronin, different amounts of CaC12 were added to the two 

preparations of Nephronin from experiment 23. Preparations 1 and 4 were used to represent both sides 
of tlie spectrum, for the carbon chain length of the acids used in the synthesis. 

Aims 

10 

1. To test the effect of added CaC12 to preparations of Nephronin and control ammonium citrate 
buffer for their abilit>^ to inhibit LPS and PHA induced cjtokine production. 

2. Inliibition of commercial streptococcal toxins, Spe A, Spe B induced c}lokine production by 
0.25M ammonium citrate and preparations of Nephronin witli and without CaC12. 

15 

Method 

The concentration of citrate in the preparations of Nephronin was calculated on the basis of the starting 
amount of Na3Citrate used in the s>Tithesis and the fmal volume of the product. 
20 In experiment 23, Nephronin was prepared using 3g of Na3Citrate. The final volume of the product was 
40ml. Taking into account that Na3Citrate has a molecular weight of 294, 3g of Na3Citrate in 40ml 
would give a concentration of 0.25M. 

To prepare the control for this experiment, 0.25M Citric acid was prepared; 
Citric acid has a molecular weight of 210. 
25 1.05g of citric acid in a final volume of 20ml, gives a concentration of 0.25M, However, the citric was 
first dissolved in 10ml of water. The pH was adjusted to pH 7.3 with ammonium h5'droxide and the 
final volume was then made up to 20ml. 

To test the effect of CaC12, a solution of 2.5M CaC12 was prepared. 
30 CaCl2.H20 MW 147 

3.67g dissolved in lOml gives a final concentration of 2.5M. 

On the basis of the Na3Citrate concentration used in Uie synthesis procedure, different ratios of the 
CaC12 was added to preparations of Nephronin or the ammonium Citrate control buffers. 
35 The following tubes were set up as below. 
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Preparations land 4 from expl 23, where propanoic acid and Octanoic acid were used respectively. In 
each case 0.5ml aliquot of the samples were used in this study. 

1 . 251^1 of 2. 5M CaC12 was added to 0.5ml aliquot of prep 1 . 2M: IM, Nephronin to CaC12 

2. 50|il of 2.5M CaCi2 was added to 0.5ml aliquot of prep 1. IM: IM, Nephronin to CaC12 

3. 15\x\ of 2.5M CaCl2 was added to 0.5ml aliquot of prep 1. IM: 1.5M, Nephronin to CaC12 

4. 25^1 of 2.5M CaC12 was added to 0,5ml aliquot of prep 4. 2M: IM, Nephronin to CaC12 

5. 50|al of 2.5M CaC12 was added to 0.5ml aliquot of prep 4. IM: IM, Nephronin to CaC12 

6. 75^1 of 2,5M CaC12 was added to 0.5ml aliquot of prep 4. IM: L5M, Nephronin to CaCI2 



For controls 0.25M ammonium citrate, pH 7.3 was used. 



7. 25^1 of 2,5M CaC12 was added to 0,5ml aliquot of 0.25M-ammonium citrate, pH 7.3. 2M: IM, 
Citrate to CaC12 

8. 50^il of 2.5M CaC12 was added to 0.5nil aliquot of 0.25M-ammonium citrate, pH 7.3. IM: IM, 
Citrate to CaC12 

9. 75^1 of 2.5M CaC12 was added to 0,5ml aliquot of 0.25M-ammonium citrate, pH 7.3. 1M:1.5M, 
Citrate to CaC12 

10. No addition was made. 0.25M ammonium Citrate, pH 7.3. 



Upon addition of samples to the tubes containing the appropriate amount of CaC12, a white precipitate 
was formed. However, the same did not happen when ammonium citrate was added to the tubes 
containing CaC12. Precipitates were visible after freeze-thawing the samples. This suggests that in the 
case of ammonium citrate, for the calcium citrate precipitate to form, a longer time is required. 
In an attempt to identify which of tlie constituents of the preparations of Nephronin were likely to form 
precipitate in the presence of CaC12, buffers used as controls, such as ammonium phosphate, were 
mixed in the same proportions with the solution of 0.25M ammonium citrate. The tests showed that 
ammonium citrate formed similar precipitate as those observ^ed with preparations of Nephronin, with 
ammonium phosphate. Considering the fact that preparations of Nephronin contain some inorganic 
phosphate, formation of calcium phosphate precipitate is not surprising. The sample mixtures were 
centrifiigcd in a microcentrifuge and the supernatant was decanted for testing. 
When evaluating the data, the presence of CaC12 in the solution must be taken into consideration. 

The RPMI 1640 being used does not seem to contain CaC12. However, other media such as Minimum 
Essential Medium Eagle contain 264mg of CaCl2/litre of media. Since CaC12.H20 has a MW of 147, 
the concentration of CaC12 in the media is approx 2niM. 
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After the addition of Nephronin to the RPMI with cells, the final concentration of CaC12 in the media 
would be in the range of l-4inM. 

Results 

5 

Figs 1-4 show the dose dependent inhibition of LPS-induced TNF-a and IL-la at 24 and 48h post- 
stimulation by preparation 1 from experiment 23, w here propanoic acid was used in the s)^nthesis 
procedure, with and without the addition of CaC12. The data clearly shows that addition of CaC12 to 
preparation 1 from experiment 23 does not appear to have any effect on the inhibition of LPS-induced 

10 TNF-a and IL-la production. These data confirm earlier results tliat Nephronin binds to the LPS 

molecule and prevents it from stimulating the cells to produce these cjlokines. Furthermore, removal of 
precipitates formed with the addition of CaC12 seems to enhance the observ ed inhibition. 
Figs 5-8 show the dose dependent inhibition of LPS-induced cytokine production at 24 and 48h post- 
stimulation by preparation 4 from experiment 23, where Octanoic acid was used in the sj^nthesis 

15 procedure, with and without the addition of CaC12. Once again the addition CaC12 to tliis preparation 
does not appear to have any effect on its ability to inhibit LPS-induced cytokine production. 

Figs 9-12 show the effect of 0.25M-ammonium citrate with and without the addition of CaC12 on tlie 
LPS-induced TNF-a and IL-la production. Ammonium citrate seems to have a slight inhibition effect 

20 on the production of TNF-a at 24h post-stimulation, particularly when higher amounts of ammonium 
citrate were used. However, this inhibition is no longer observ'ed by 48h post-stimulation (Figs 9 and 
11), Interestingly, ammonium citrate, with and without the addition of CaC12 show a good dose 
dependent inhibition of LPS-induced IL-la. This may be due to the fact that production of IL-la is 
more sensitive to ammonium citrate and any products that are formed after the addition of CaC12 (Figs 

25 10 and 12). 

Figs 13-16 show the dose dependent inliibition of PHA induced TNF-a and IL-la production by 
preparation 1 froin experiment 23. 

Figs 13 and 14 show the inliibition of PHA induced TNF-a and IL-la, 24h post-stimulation 
30 respectively. Although the inhibition profile for TNF-a does not seem to alter with the addition of 
increasing amounts of CaC12, when only lOjil of samples were used, a difference in the amount of 
inhibition of PHA-induced IL-la is observed. However, at 30|xl of samples this difference is abolished. 
Fig 15 shows the inhibition profile for TNF-a 48h post-stimulation. Interestingly, when 10^x1 of 
samples were used, a difference in the amount of inhibition for TNF-a was seen. This difference is 
35 abolished when 30yi\ of the samples were used. 
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Fig 16 shows the inhibition profile for IL-la 48h post-stimulation. The difference in the amount of 
inhibition observ'cd at 24h post-stimulation had became considerably greater, particularly when 1.5M 
ratio of CaC12 was used to IM of the Na3Citrate in the preparation of Nephronin. Once again this 
difference is totally abolished when 30\i{ of samples were used. 
5 Figs 17-20 show the dose dependent inhibition profile for PHA induced c>tokine production by 
preparation 4 from experiment 23. The results are veiy similar to those obtained for preparation 1, 
except that preparation 4, where Octanoic acid was in the sj'nthesis of Nephronin seems more 
susceptible to treatment with CaC12 and the differences obsen^ed, with the addition of increasing 
amounts of CaC12 seem to be more pronounced. 

10 Figs 17 and 18 show the dose dependent inhibition of PHA-induced TNF-a and IL-la, 24h post- 
stimulation. Fig 17 shows that irrespective of the amount of CaC12 added to Nephronin, preparation 4 
the samples remained veiy^ potent in inhibiting TNF-a production. However, the inhibition profile 
shown in Fig 18, for IL-la for the same samples show significant reduction in the potency of the 
sample with increasing amounts of CaC12. 

15 Figs 19 and 20 show the inhibition profile for the samples 48h post-stimulation by PHA. The decrease 
in the potency of these samples for inhibiting PHA-induced cytokine production is reduced 
considerably, particularly in the case of IL-la. 

Figs 21-24 show tlie effect of a solution of 0.25M ammonium citrate pH 7.4, with and witlioul 
increasing the amount of CaC12. 

20 Fig 21 shows that although 0.25M ammonium citrate seem to only inhibit PHA-induced TNF-a 
production by 33%, none of the samples containing CaC12 showed any inhibition of TNF-a. 
Interestingly, ammonium citrate witli CaC12 seemed to increase the levels of TNF-a production. Fig 22 
shows the effect of the same samples on the PHA-induced IL-la production. Once again, untreated 
ammonium citrate could inhibit PHA-induced IL-la production b}' 80%. However, this effect was 

25 significantly reduced when CaC12 was added to ammonium citrate. 

Figs 23 and 24 show the effect of the same samples on PHA-induced TNF-a and IL-la 48 post- 
stimulation. Although the result obtained 48h post-stimulation is similar to the earlier results, the 
effects seen by ammonium citrate and ammonium citrate with CaC12 is considerably reduced. 
The data presented here clearly shows that the presence of citrate accounts for some of the effect that 

30 Nephronin displayed. However, preparations of Nephronin are considerably more potent in their effects. 
Furthermore, given the fact that Nephronin is a modification of the citrate molecule, it is not 
unexpected that citrate itself might show some non-specific activities. 
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Figs 25-32 show the effects of preparations I, 4 and aininonium citrate with and without the addition of 
CaC12, in a ratio of IM: IM on the basis of the citrate in preparations of Nephronin and ammonium 
citrate solution, on streptococcal toxins Spe A and Spe B induced TNF-a and IL-la production. 
Fig 25 shows the effect of these samples for TNF-a production, 24h post-stimulation when I0\i\ of each 
5 sample was used. Preparations 1, 4 and citrate seem to effectively inhibit TNF-a production, although 
preparations 1 and 4 are considerably more potent. However, the amount of inhibition observed for 
these samples are significantly reduced with the addition of CaC12. Interestingly, citrate alone seems to 
have ver>' little effect on the Spe B induced TNF-a production. 

Fig 26 shows the effect of the same samples 48h post-stimulation. It is noteworthy, that the amount of 
10 inhibition observed for the untreated preparations 1 and 4 are reduced and, where CaC12 was added to 
these preparations, ver>' little if any inhibition was observed. Once again. Citrate alone does not seem to 
inhibit Spe B induced TNF-a. 

Fig 27 shows the effect of the samples 24h post-stimulation, except Uiat 30^1 of each sample was used. 
Once again, altliough Citrate shows significant amounts of inhibition, preparations of Nephronin are 
15 considerably more potent. Interestingly, at this concentration, citrate alone effectively inhibits Spe B 
induced TNF-a production. 

Fig 28 shows the effect of 30|al of each sample on TNF-a production, 48h post-stimulation. Once again, 
although citrate seems to significantly inhibit TNF-a production, preparations of Nephronin ^vith and 
without CaC12 are more potent. 

20 Fig 29 shows the effect of the same samples, when IOm.1 of each was used, on Spe A and Spe B induced 
IL-la production, 24h post-stimulation. In the case of Spe A, citrate with and without CaC12 seems to 
inhibit IL-la production considerably more than both preparations of Nephronin. However, in the case 
of Spe B, both preparations of Nephronin w ithout CaC12 inhibit IL-la considerably more than citrate 
alone. Interestingly, preparation 4 with the addition of CaC12 shows similar inhibition to that of Citrate 

25 with and witliout added CaC12. 

Fig 30 shows the effect of 10|j.1 of these samples 48h post-stimulation. Citrate with and without CaC12 
seems to inhibit Spe A induced IL-la production similarly to both preparations of Nephronin with and 
without CaCl2. Whereas in the case of Spe B, both preparations of Nephronin effectively inhibit IL-la 
production, this inhibition is greatly reduced with the addition CaC12. However, ammonium citrate 

30 inhibition of Spe B induced IL-la does not seem to change significantly in the presence of CaC12. 
Figs 3 1 and 32 show the effect of 30p.l of tlie same samples at 24 and 48h post-stimulation on Spe A 
and Spe B induced IL-la production. All samples with and without CaC12 effectively inhibited IL-la 
production, although the general trend remains the same, in that with the addition of CaCi2, the 
potency of these samples is reduced. 
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Conclusions 

There are several conclusions that can be drawn from these studies, 

1. Addition of CaC12 to preparations 1 and 4 of Nephronin did not interfere with their abilit>' to 

5 inhibit LPS-induced TNF-a and IL-la production. These data support the earlier findings that 

Nephronin inhibits LPS by binding to the lipid A moeity and neutralising the toxic effects of 
LPS. 

2. Both preparations of Nephronin effectively inhibit PHA-induced TNF-a. However, the fact 
remains that after the addition of CaC12, the amount of inhibition, particularly in the case of 

1^ IL-la is significantly reduced. This might suggests that in the case of PHA, inhibition of 

c>1okine production by Nephronin is achieved by inhibition of c>1okine production rather than 
by binding to the PHA molecule and inhibiting its biological effects. 
Given the fat that Nephronin is a modification of Citrate, it is not surprising that citrate 
displays some of the non-specific activities ascribed to Nephronin. 

15 3. Although both preparations of Nephronin can effectively inhibit Spe A and Spe B induced 
TNF-a and IL-la production, the fact that citrate alone also seem to show similar abilit>% 
suggests that the obser\'ed inhibition is non-specific. Furthermore, the decrease in the obsen^ed 
inhibition witli.tlie addition of CaC12 suggests tliat a considerable amount of tlie inhibition is 
due to the citrate rather than Nephronin. 

20 

It must be bom in mind that these preparations of Nephronin comprise of citrate molecule and as a 
consequence, Nephronin itself would display such activities. Further experiments are required to 
investigate the importance these non-specific effects. 

25 

Effects of possible compounds that may be present in the preparations of Nephronin on 
LPS and PHA induced cytokine production. 

In order to test whether the inhibition of mitogen induced cytokine production is specifically due to 
30 preparations of Nephronin. The toxic effects of some components that are thought to be present in these 
preparations were tested for their effect on LPS induced TNF-a and IL-la production. 
The following were prepared and tested 



1 . 0. IM ammonium acetate, pH 7.4 
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2. Ammonium Citrate. To determine the effect of ammonium citrate in a way that would correspond 
to the concentration present in the preparations, 0.3g citric acid was weighed and dissolved in 
water. The pH of the sample was adjusted to pH 7.4 with 10% ammonium h3'droxide. The final 
volume of the sample was adjusted to 5ml. 
5 3. Use of POC13 in the synthesis procedure, might lead to the formation of ammonium phosphate 
after pH adjustment. Given the fact that 100|a1 of POC13 is used in the synthesis procedure, 100|al 
of orthophosphoric acid was used for this purpose. To this 3 ml of water was added and the pH 
adjusted to pH 7.4 with 10% ammonium hydroxide. 

10 1 ml of the liquid phase after treatment of Na3Citrate with AA or PA was also used in these studies. 
The pH of these samples was adjusted to pH 7.4 with ammonium hydroxide and the final volume made 
up to 5ml with water. The samples were filter sterilised and their effect was investigated with the 
samples in experiment 22. 

15 Results. 

In each case 40^\ of each sample was added to cells in a final volume of 1ml. 0. 1 ammonium acetate pH 
7.4 did not have any inliibitory effect on tlie LPS induced c>1okine production. 

40|xl of ammonium citrate showed 40% inhibition of TNF-a and up to 80% inhibition of IL-la. 

20 Whereas, preparations of Nephronin at these concentrations show 90-100% inhibition of LPS induced 
TNF-a production. Almost 100% inhibition of IL-la production was obsen ed when only 10^1 of these 
preparations were used. The fact that such a preparation of ammonium citrate at pH 7,4 can exhibit 
such an effect may be due to high salt concentration and non-specific binding effects of citrate. 
Ammonium phosphate did not show any inhibitor)' effect. 

25 Supernatant from acid treatment of citrate, at pH 7.4 was very' toxic to the cells. Microscopic 
observ'ation of the cells showed high cell death and cell lysis. 

Conclusions 

30 The effect of control samples on the inliibition of LPS-induced cytokine production shows that, 

1 , 40|xl of ammonium acetate at pH 7.4 does not effect the assay s>^stem. 

2, 40|il of ammonium phosphate at pH 7.4 does not effect the assay s>'stem. 

3, 40^1 of ammonium citrate causes inhibition of LPS-induced TNF-a and IL-la production. This is 
35 thought to be due to the toxic effects that this compound may have on the cells. Microscopic 
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examination of the cells indicated that when ammonium citrate was added to the PBMC, stimulated 

^^'ith Ing/ml LPS, showed some cell death. 
4. Addition of acid supernatant from treatment of Na3 Citrate to PBMC caused high cell death. 

Centrifugation of the cell suspension after 24h post stimulation and at 2000 rpm did not show any 
5 cell pellets, suggesting that the majority of the cells were lysed. Consequently, the obserx^ed 

inhibition effect is due to cell death rather than inhibition of cytokine production. 
These data indicate that preparations of Nephronin are effective in inhibiting mitogen induced c}tokine 
production. However, purification steps are required to remove some of the contaminating compounds 
that may be produced during the s>'nthesis procedure. 

10 

Specific interaction of Nephronin with molecules on the surface of cells. 

The ability of Nephronin to specifically interact with cell surface carbohydrates indicated that 
Nephronin may have other biological activities. To test for these activities, a number of experiments 
15 were initiated. However, these experiments, and the results do not cover the full spectrum of activities 
that may be ascribed to Nephronin. 

Effect of Nephronin on normal and tumourogenic cell lines. 

20 Previous observations had shown that treaUnent of confluent human umbilical vein endothelial cells, 
with isolated Nephronin, had resulted in the separation of the cells from the substratum. However, 
topan blue staining of the cells for viability had shown that these cells remained viable, at least for the 
duration of the experiment. 

To test the effect of sj'nthesised Nephronin on other cell types, normal mouse muscle cell line {C2C12) 
25 and mouse neuron tumourogenic cell (335) lines were used. 

Methods 

The cells were grown to confluence in 24 well culture plates in DMEM media supplemented with 10% 
30 FCS and penicillin/streptomycin antibiotics. 

Prior to the addition of Nephronin, the appearance of the cells was observed microscopically. In the case 
of C2C12 cell line, the cells had a characteristic dendretic appearance, with long protruding tentacles. 
The B35 cells of the neuron linage showed a characteristic appearance of nerve cells with long tentacles 
associated with such cells. 
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Results 

Increasing volumes of 10, 20, 30 and 40^.1 of the four preparations of Nephronin from experiment 23 
were added to these cells, to a final volume of 1ml. After the addition of Nephronin to the cells, the 
5 appearance of the cells was monitored constantly under a microscope. 

Immediately after the addition of Nephronin, they changed shape to round spherical cells without the 
tentacles, in both cases, irrespective of the volume of Nephronin added to the cells. Interestingly, the 
surface of the cells seemed to have a frilled look about them. Ho\A'ever, they remained bound to the 
culture plates, within the first 2h of the study. After this time, the C2C12 cells were found to have 
10 separated from the substratum and formed large cell clumps. Although, similar cell clumps were also 
obser\'ed with the B35 cells, appearance of blebs on tlie cells suggested that Nephronin was toxic to B35 
cells. 

The cells were incubated in media containing Nephronin for 5 days, whilst regular obser\^ations were 
made. After 24h incubation of the cells at 37°C, a large number of the C2C12 cells were found as cell 

15 suspension in clumps. This effect was ver>' much dependent on the dose of Nephronin used. Where 10|j.1 
of Nephronin was used, the number of clumps was considerably less. Furthermore, a number of cells 
had begun to adhere to the plate and demonstrated their characteristic appearance. Interestingly, this 
effect was more pronounced with preparations of Nephronin where acids of longer carbon chains were 
used. For example, cells with preparation of Nephronin using octanoic acid exhibited a more normal 

20 appearance than cells treated with preparation of Nephronin using propanoic acid. 

Incubation of B35 cells witli these preparations of Nephronin, after 24h resulted in the appearance of 
small vesicles, which was ascribed to cell lysis. This effect was much more pronounced with larger 
volumes of Nephronin. However, after 48h incubation of the cells, this dose dependent iysis could not 
be distinguished. Almost total cell death was observ ed after 96h incubation of B35 cells with any one of 

25 the four preparations of Nephronin. 

In both cases, after 5 days, the cell suspensions were centrifuged at 1300 rpm for 7min. The cells were 
washed once in PBS and then resuspended in DMEM media. The cells were added back to the 
appropriate wells in the culture plates and incubated at 37*^075% C02. Where 10 and 20^1 of 
preparations of Nephronin were used, a significant number of cells had remained bound to the plate. 

30 However, where the cells had separated from the substratum, after less than 2h incubation, they adhered 
back to the plastic. It is noteworthy, that these cells retained their spherical shape, even after 48h 
incubation. Trypan blue staining of the C2C12 cells suggested that these cells were viable. 
In the case of B35 cells, some spherical cells could be seen that did not take up ttypan blue, however, 
close examination of these cells showed membrane blebing, suggesting the onset of apoptosis. 
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Conclusions 

The observ^ed efTects of four preparations of Nephronin on these two cell lines, confirms interaction of 
Nephronin with cell surface molecules. Given the fact that preparations of Nephronin were toxic to B35 
but not C2C12 suggests specific interaction of Nephronin with cell surface molecules. However, the fact 
that these cells did not regain their original shape, particularly at higher concentrations of these 
preparations, might suggest that 

1. These preparations of Nephronin are also toxic to C2C12 cells but to a lesser degree 

2. The cell surface differences between a normal and a tumourogenic cell line, enables specific 
targeting of tumour cells by Nephronin. 

Further studies are required to demonstrate the effect of Nephronin with a large number of cell lines, in 
particular cells of the same lineage. Furthermore, comprehensive experiments are required to 
demonstrate the onset of cell death/apoptosis, rather than microscopic obser\'ation. 

Effect of Nephronin on bacterial adhesion to epttheHal cell. 
Introduction 

Enteropalhogenic KcoU (EPEC) carry virulence factors in the form of adhesins including plasmid- 
encoded fimbriae and a chromosomally borne adhesin. These adherent E.coli alter epithelial cell 
morphology and the c>toskeleton of host cells (in this model a T84 epithelial cell line) as a mechanism 
to allow effective attachment and thus colonisation. Infection of confluent T84 cells with EPEC usually 
results in bacterial adherence (as measured by a bacterial binding assay). 

Aims 

1. To investigate the effect of Nephronin on bacterial binding to epithelia cells. 

2. To test whether Nephronin has any bactericidal activity, viability of bacteria, after addition of 
Nephronin is also to be test. 

Methods: 

Inhibition of bacterial binding to cnithelia! cells. ' 
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Immortalised liuman colonic epithelial cells (T84 cells) were grown lo confluence in culture plates at 
37°C with 5% C02 in DMEM/F12 medium supplemented with 10% foetal bovine serum (FBS) and 
penicillin/streptomycin antibiotics. 

Once the cells had reached confluence, the media was replaced with an antibiotic-free media, 40|j.l/ml 
5 of Nephronin was added to the cells. The cells were then inoculated with lO' colony forming units 
(CFU) of EPEC. Preliminarj' experiments had shown that addition of Nephronin to the inoculated cells, 
reduced the extent to which the media had become acidic, compared to inoculated cells that were not 
treated with Nephronin, indicated by the change in colour of the media. However after approximately 
3h incubation, the colour of tlie media had begun to change to yellow indicating that the media was 
10 becoming acidic. 

Consequently, after a three hour incubation of the treated epithelial cells with the inoculum, a second 
dose of Nephronin was added to the cells and incubated for a further tliree hours. At the end of the 6h 
infection period, cells were washed 5 times with PBS to remove any non-adherent bacteria. 5ml of 
sterile distilled water containing 0. 1% BSA was added to cells, and incubated at 4°C for 30min, The 
15 cells were then lysed by vigorous pipetting and 10-fold serial dilutions of the cell lysate suspension were 
plated on LB agar plates, and were incubated at 37°C overnight. The following day, bacterial CFU were 
counted at the dilutions that yielded between 25 - 250 CFU, as this is the optimal result, and bacterial 
binding lo T84 monolayers was assessed by normalising the CFU/ml in treated cell lysate to control 
CFU/ml (expressed as a percentage). 

20 

Effect on bacterial viability/growth 

To test whetlier Nephronin had any bactericidal activit>^ the rate of EPEC growth was measured in 
broth wiih and without Nephronin. To 10 mis of Brain Heart Infusion (BHI) broth, 500 |aL Nephronin 

25 was added. For control, the same media witliout Nephronin was used. In each case, the media was 
inoculated with 10^ CFU EPEC. The lubes containing the inoculated broth were placed in a 37°C 
shaking water bath. After a 2h incubation, a ftirther 500^1 of Nephronin was added to the tube treated 
with Nephronin and incubated for a further 2h. At the end of this period, 10-fold dilutions were 
perfonned on the inoculum and then plated onto LB agar plates and were incubated overnight at 37°C. 

30 The following day, bacterial CFU were counted as previously described and bacterial viability was 
expressed as CFU/ml. 

Results: 

Bacterial bindinn assay 

35 Treatment with Nephronin both at the beginning of the inoculation period and then again 3 hours post- 
inoculation, resulted in a significant reduction in bacterial binding to T84 cells. Bacterial binding in 




70 

controls was at a concentration of 9.4 x lO' CFU/ml, whereas in the treated sample, this was reduced to 
4. IxlO' CFU/ml. This represents a 60% reduction in bacterial binding. 

A change in pH, as indicated by a change in the colour of the media, reflects the extent of infection of 
the cells by the bacteria. The colour of the media of the treated cells did not change colour as rapidly as 
5 the control cells. Interestingly, even at the conclusion of the experiment, the colour of the media had not 
changed as dramatically, compared to that of the control cells. Interestingly, addition of Nephronin to 
the epithelial cells did not result in the separation of cells from the substratum. 

Viability assay 

10 

Treatment witli Nephronin had no effect on the viability of the bacteria over a 4 hour growth period. 
The viability count in the untreated sample was 7.5x10^ CFU/ml and in the Nephronin-treated sample 
was 1.6x10^ CFU/ml. This is a significant difference (p< 0,0001) which demonstrates that Nephronin is 
not toxic to bacteria. 

15 

Conclusions 

The ability of Nephronin to inhibit EPEC bacterial adhesion to epithelial cells, without demonstrating 
any bactericidal activity, indicates that Nephronin specifically interacts with the cell surface of these 
20 cells, thus inhibiting bacterial adhesion. However, the fact that addition of Nephronin to the cells did 
not result in the separation of cells from the substratum, suggests that Nephronin interacts differently 
with different cell types. In this instance, inhibition of bacterial adhesion to epithelial cells, results in 
reduced bacterial colonisation. 

25 Inhibition of Hernes Simnlex Virus (HSV) infection by Nephronin 

Heparan sulphate serves as a receptor for adherence of herpes simplex viruses, chlamj dia trachomatis. 
Neisseria gonorrhoeae, and, indirectly human immunodeficiency virus (Herold et al. 1997). HSV 
causes many disease states, including mucosal lesions, encephalitis or disseminated infection in 

30 immunocompromised host. These diverse clinical manifestations reflect the capacity of tlie virus to 
infect both epithelial and neuronal cell types (Iirmiergluck et al, 199&). Previous studies have shown 
that the first step in herpes virus infection is attachment to heparan sulphate molecule on the cell 
surface of cells (Laquerre et al. 1998; Dyer et al. 1997; Williams and Straus, 1997). Given the fact that 
Nephronin specifically binds to heparin and heparan' sulphate as well as other cellular membrane 

35 components, suggests that Nephronin may be a prime candidate for inhibiting HSV infection. 
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Aims 

Since Nephronin specifically binds to heparan sulphate, its ability lo inhibit herpes virus infectivity of 
keratinoc>^es is to be tested, 
5 1 . Pre-incubation of keratinocytes wiih Nephronin 24h prior to addition of HS V inoculum. 
2. Simultaneous addition of Nephronin and the HSV inoculum. 

Methods 

10 Cultures of Human keratinoc>tes were prepared as previous described (Mikloska et al. 1996). 
Preparations of Nephronin from experiment 23 were used in this experiment to test the effect of 
Nephronin on the inhibition of herpes virus infectivity. 

Identical keratinoc>le culture plates were used, where in one instance up to 50^1 of each preparation 
was added to the cells and incubated for 24h prior to inoculation with the virus. Alternatively, 
15 preparations of Neplironin were added simultaneously as the \drus inoculum. 

Plaque reduction assay was performed to ascertain HSV infectivit>'. More comprehensive experiments 
are also being carried 
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Results 



Wliere Nephronin was added to the keratinocyte cultures 24h prior to the addition of HSV inoculum, 
25-30% inhibition of HSV infection was observ^ed. However, where Nephronin was added 
simultaneously as the HSV inoculum 100% inhibition of HSV was obser\'ed. 

It is noteworthy that these cells did not separate from the substratum when Nephronin was added to the 
25 cell cultures. 

Conclusions 

Addition of Nephronin with the HSV, resulted in 100% inhibition of HSV infectivity. Given the fact 
30 Nephronin binds to heparan sulphate suggests that addition of Nephronin blocks the heparan sulphate 

binding sites for HSV binding, Uius inhibiting infection. Alternatively, since Nephronin binds to 

heparan sulphate, might enable Neplu-onin to bind direcUy to the virus and inhibiting its infectivity. 

This is more plausible possibility since addition of Nephronin 24h prior to the addition of HSV 

inoculum inhibited infectivity by only 25-30%. 
35 Where Nephronin was added to the cells 24h prior to inoculation, suggests that Nephronin might be 

taken up by the cells and degraded, and the heparan sulphate on the cell surface regenerated. This 
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obsen'atioii supports that concept that Nephronin might bind directly to the virus, since the plaque 
reduction assay takes longer than 24h. 

Inhibition of HIV virus infection of macroi)hai;cs. 

HIV virus binds to the cell surface of cells by a virus glycoprotein GP120. The binding of GP120 to the 
cell surface receptors, CCR5 and to lesser extent CCR3 and CCR2, is the first step in HIV infection of 
blood or tissue derived macrophages (Naif et al. 1998). However, there is evidence that heparan 
sulphate as well as other cell surface sugar moieties indirectly play a role in HIV infectivity. 
On the basis that Nephronin binds to heparin and heparan sulphate as well other sugar moieties, 
suggested that Nephronin might be able to inhibit HIV virus infection of macrophages. Alternati^'ely, 
since Nephronin binds to a host of sugar moieties, it might also be able to bind directly to glycoproteins, 
such as GP120 and inhibit infectivity of cells by HIV virus. 

Aims 

To test the effect of Nephronin on the inhibition of HIV infectivit5^ 

1. Nephronin was added to macrophages and incubate for 24h prior to the addition of HIV inoculum. 

2. Neplironin was added to the cells at the same time as the HIV inoculum. 

Methods 

Adherent macrophages were prepared from human blood. Preparations 7, 8 and 9 from experiment 17 
were used in these studies. Up to 40^1 of each preparation was used in these studies. Preparations of 
Nephronin were either added to the cells 24h prior to addition of HIV inoculum, or added simultaneously 
as the HIV inoculum. The cells incubated with the HIV inoculum for 4h. After this time, the cells were 
washed three times with PBS and finally placed in the media. The susceptibility of macrophages to HIV 
infection was measured by the concentration of extracellular pI2 antigen and levels of intracellular HIV 
DNA by quantitative PGR. 

When Nephronin was added to the macrophages for pre-incubation of the cells with Nephronin caused the 
cells to separate from the substratum. It was thought that Nephronin was toxic to the macrophages. 
However, trypan blue staining of the cells for cell viability showed over 95% of the cells were viable. It 
was decided to proceed with the experiment. After 24h incubation of macrophages with preparations of 
Nephronin, the cell suspension were centrifuged, washed with PBS and the resuspended cells were added 
back to the chambers of the tissue culture plates. The macrophages ver>' quickly adhered to the plate. 
After this time, the HIV inoculum was added to the pre-treated. 
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Where Nephronin was added simultaneously as the HIV inoculum, ver>' few of the macrophages separated 
from the substratum. Nevertheless, 4h after the addition of the inoculum, the culture supernatants were 
centrifuged and the macrophages that had separated from the plate were added back to the appropriate 
chambers. 

5 

Results 

Addition of Nephronin to the macrophages 24h prior to the addition of HIV inoculum did not inhibit HIV 
infectivit>'. However, when Nephronin was added simultaneously as the inoculum, approximately 30% 
10 inhibition was observed. 

A more comprehensive set of experiments are currently under way to demonstrate inhibition of HIV 
infection by Nephronin in macrophages and monocytes. 

Animal Studies. 

15 

Toxicity of Nephronin . 

Up to 100|j.l of preparations of Nephronin from experiment 23 were used in these studies. Mice were 
injected either; 
20 1. Subcutaneously 

2. Intraperitoneal 

3. Intramuscular 

There was no visible toxicity^ that could be associated with the injection of any one of the preparations of 
25 Nephronin. 

Comprehensive studies are being carried out to demonstrate the endotoxin neutralising ability of 
Nephronin. 

General Discussion 

30 - 

Nepluonin is a low molecular weight, non-proteinaceous compound that Avas originally isolated from 
the urine of children with steroid responsive nephrotic syndrome. This compound was shown to 
specifically bind to heparin and heparan sulphate. The fact that Nephronin does not bind to other 
glycosaminoglycans, such as chondroitin sulpliate and dermatan sulphate, suggests that binding of 
35 Nephronin to heparin and heparan sulphate is site directed rather than binding on the basis of charge. 
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This binding was further confirmed by hislocheinical studies demonslraling that Nephronin blocked 
staining for heparan sulphate on the surface of endotheUal cells. The fact that Nephronin caused the 
separation of endothelial cells from the substratum witliout any apparent damage to the cells is of 
particular interest. 

5 The tests for the endotoxin neutralising ability of Nephronin was initiated, based on the observation 
that; 

1 Nephronin is a negatively charged molecule with specificity for other negatively charged molecules 
such as heparin, and 

2. its co-purification with lipids (affinit>' for lipids), at least in the early stages of purification 
10 suggested that Nephronin might behave as a cationic detergent. Consequent studies have shown 

that Nephronin potently inhibits endotoxin in the LAL assay system. Furthermore, this compound 
was also shown to agglutinate gram negative bacteria but not gram positive bacteria. 

The abilit>' of Nephronin to bind to heparin and heparan sulphate suggested that Nephronin might 
15 interfere with blood coagulation. The phenomena that Nephronin did not interfere with tlie anti- 
coagulation ability of heparin, but itself could inhibit coagulation in the same manner as heparin is very 
important when considering Nephronin as a therapeutic compound in the treatment of sepsis. 

The hypothesis, which led to the successfiil s>'nthesis of Nephronin, has opened a new dimension in 
20 synthesising a range of compounds for use as therapeutic drugs. 

The synthesised Nephronin has been shown to have many of the activities ascribed to the isolated 
Nephronin. 
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The list below shows some of the biological activities ascribed to Nephronin. 
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1 Synthesised Nephronin neutralises endotoxin-induced cytokine production. 

2. The synthesised Nephronin binds to Heparin and inhibits its migration on cellulose acetate 
electrophoresis. 

3. The synthesised Nephronin inhibits Concanavalin A and PHA stimulation of human lymphocytes. 

4. The synthesised Nephronin inhibits stimulation of lymphocytes by streptococcal membrane protein 
(M-protein), and streptococcal toxins (superantigens) Spe A and Spe B. 

5. Nephronin inhibits adhesion of pathogenic E.coli to a gut cell line and precents bacterial invasion of 
cells. 

6. Inhibition of herpes simplex virus infection 

7. HIV infectivity 
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1. The synthcsiscd Ncphronin neutralises cndotoxin-induccd cytokine production. 

To tesl the bioactivit)' of the synlhesised Nephronin, human lymphocytes were isolated from buffy coat 
5 (concentrated White Blood Cell preparation, supplied b)' the Blood Bank). Lymphocjtes were stimulated 
with endotoxin (E.coli, serot^qje 055 :B5) in the presence and absence of the synthesised compound. For 
positive controls, a number of biological stimulators were used, such as PHA, Concanavalin A, 
streptococcal bacterial membrane protein (M protein) and enterotoxins (superantigens). 

10 Sandwich ELISA for the measurement of the c)lokines produced post-stimulation of the cells was 
established- Sandwich ELISA for TNF-a, and IL-la was routinely used for the measurement of these 
cjlokines in the culture supernatant of the activated cells post-stimulation. Cells were harv ested at 24, 48 
and 72 hours post-stimulation and the culture supernatants used for the determination of the cytokine 
levels. 

15 Fig 1 and Fig 2 show the ability' of Nephronin to inhibit LPS induced TNF-<x and IL-la production. 

2. The synthesised Ncphronin binds to Heparin and inhibits its migration on cellulose acetate 
electrophoresis. 

The isolated Nephronin was shown to bind specifically to Heparin and Heparan sulphate but not other 
20 glycosaminoglycans. To demonstrate that the synthesised Nephronin behave similarly, different 

preparations of this compound ^^'ere tested and shown to inhibit the migration of Heparin on cellulose 
acetate electrophoresis. 

3. The synthesised Nephronin inhibits Concanavalin A and PHA stimulation of human 
25 lymphocytes. 

Concanavalin A (ConA) and PHA were used as positive controls in these studies. Interestingly, 
Nephronin inhibited the activation of PBMC by both ConA (5|ag/ml) and PHA (jig/ml). Fig 3 and Fig 4 
show the inhibition of PHA induced cytokine production by Nephronin. It is noteworthy that both Con 
A and PHA activate PBMC by cross-linking specific sugar moieties on the cell surface. 
30 The specificity of Nephronin for heparin and heparan sulphate had been previously demonstrated. 
However, the fact that Nephronin can also inhibit stimulation of PBMC by ConA and PHA is of 
particular importance. Presently I am exploring this aspect of the project. 

4. The synthesised Ncphronin inhibits stimulation of lymphocytes by streptococcal membrane 
35 protein (M-protcin), and streptococcal toxin (superantigens) Spc A and Spe B. 
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Given the fact that Nephronin is also able to inhibit the effects of Con A and PHA, it was imperative to 
demonstrate other biological activities that Nephronin might have. For this reason, streptococcal 
membrane protein (M-protein) and streptococcal toxins (superantigens) Spe A and Spe B were used as 
positive controls. 

Endotoxin exerts its biological activity by binding to a serum protein; endotoxin binding protein (LBP). 
This complex then binds to CD 14 on the surface of macrophages and results in the stimulation of cells 
and release of cjlokines. 

Gram-positive bacterial toxin (superantigen) activates cells in an entirely different pathway to that of 
endotoxin. They activate lymphoc>les by binding to the outer cleft of the major histocompatibilit)' 
complex (MHC) and the T cell receptor (TCR). These data suggest that Neplironin specifically inhibit the 
toxic effects of endotoxin. However, the fact that Nephronin also inhibits acUvation of lymphocytes by 
streptococcal bacterial toxins and membrane protein, suggests that Nephronin specifically binds to the cell 
surface of cells and inhibiting binding of these mitogens to the cells. Alternatively, since these toxins and 
membrane proteins are closely associated with hyaluronic acid, it is possible that Nephronin binding of 
Nephronin to these moieties inhibits the mitogenic activity of these toxins and membrane proteins. 
The reason that streptococci membrane proteins and toxins were used is due to availability. Attempts in 
obtaining staphylococcus enlerotoxin for these studies have proved very difficult. However, future 
studies are required when highly purified preparations are available. 

5 Nephronin inhibits adhesion of pathogenic Kcoli to a gut cell line and prevents bacterial 
invasion of cells. 



An experimental model to investigate the invasion of pathogenic E.coli was utilised to stud)' the effect 
of Nephronin. In this study, KcoU is added to a gut cell line and after a timed incubation period, the 
bacterial invasion of the cells is determined. 

Addition of Nephronin to the cells inhibited bacterial adhesion to the cell surface and invasion of the 
cells by over 60%. Interestingly, addition of Nephronin to bacteria alone did not inhibit bacterial 
growth, suggesting that Nephronin does not have a bactericidal cticity. 

^- Inhibition of Hemes Simplex Virus infection. 

Herpes virus adheres to cells first by binding to heparan sulphate on the cell surface, prior to entry into 
the cells. Addition of Nephronin to keratinocjles 24h prior to inoculation of cells with HSV inhibited 
HS V infection by 25-30%. However, when Nephronin was added simultaneously as the virus inoculum, 
it inhibited virus infeclivity by 100%. This suggests that pre-incubation of cells with Nephronin might 
result in the uptake of Nephronin by the cells and subsequent replacement of heparan sulphate. 
However, since HSV binds to heparan sulphate, it is likely that Nephronin can bind directly to HSV and 
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prevent ils binding lo heparan sulphate on the cell surface. This makes Nephronin a prime candidate for 
combating HSV and other infective agents that involve binding to heparan sulphate in their disease 
mechanism. 

5 7. HIV vii"us infcctivity. 

On the basis that Nephronin binds to heparin and heparan sulphate as well as other sugar moieties on 
the cell surface, suggested that Nephronin might interfere with binding of infective agents to the cell 
surface, thus inhibiting the progression/onset of disease. 
10 HIV virus binds to cells first via GP120 molecule. It is postulated that, Nephronin might either bind 
directly to GPI20 or receptors of GPI20 on the ell surface, thus inhibiting HIV infectivity. Human 
macrophages and monoc>'tes were used in these studies. 

Finally, since Nephronin potently inhibits production of cytokines such as TNF-a, IL-la. it can 
15 potentially be used as therapeutic agent in diseases that involve these cytokines, such as rheumatoid 



It will be appreciated by persons skilled in the art that numerous variations and/or modifications 
may be made to the invention as shown in the specific embodiments without departing from the spirit or scope 
20 of the invention as broadl)' described, llie present embodiments are, therefore, to be considered in all respects 
as illustrative and not restrictive. 
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Table 1, Endotoxin Neutralising Activity of the Factor. 





Additions 


0D@ 
405nm 


Positive 
Control 


Proenzyme 


Endotoxin 


1.2 


Negative 
Control 


Proenzyme 


Pyrogen Free 
water 


0.3 


Sample 


Proenzyme 


Endotoxin + 
Nephronin 


0.02 



The values shown in the table are a set of representative data obtained using the LAL 
assay. Where pyrogen free water was used for negative control studies, there is 
persistent low level activation of the pro-enzyme as shown by the relatively high 
background values. This is thought to be due to minor contamination with endotoxin. 
Nephronin clearly very effective in neutralisation of the endotoxin. 



Table 2. Binding of Nephronin to gram-negative endotoxin and its agglutinating 
effect. 

5|il of the organisms were mixed with either 5\il of Nephronin or 5|il of PBS on a 
glass slide. After mixing the cells, the time taken for the agglutination of the cells 
were recorded. Where the factor was added, agglutination occurred within 2 minutes. 
For control studies, gram-positive bacteria; S, aureus and S, epidermidis were used. 
These studies were carried out using either heat killed and/or penicillin killed or 
viable organisms. 



Viable Organisms Heat and/or 

penicillin killed 



Urganisms 


Organism + 
PBS 


Urganlsm + 
Nephronin 


Urganism + 
PBS 


Urgarusm + 
Nephronin 


h. coli 




+ 




+ 


J^seudomonas aeruginosa 




+ 




+ 


N. meningitidis 










A 




+ 




+ 


B 




+ 




+ 


WU^ 




+ 




+ 


u>'. aureus 










S. epidermidis 











No agglutination was observed 
+. Agglutination observed 

It is important to point out that viable gram-negative bacteria not always agglutinated 
with Nephronin. Agglutination could be achieved by using a higher concentration of 
Nephronin. 



Table 3. Identification of cells of origin for the production of Nephronin. 

Peripheral Blood Mononucleocytes (PBMC) were isolated from SRNS patients and 
Normal Subjects, 

The cells were cultured in medium containing IL2 to maintain the cells. 





Source 


Additions 


Assay for 
Nephronin 


PBMC 


SRNS 


Nil 


Positive 


PBMC 


Normal 


Nil 


Negative 


PBMC 


Normal 


10% SRNS 
Plasma 


Positive 


PBMC 


Normal 


10% Normal 
Plasma 


Negative 


PBMC 


Normal 


Nephronin 


Positive 



The studies above clearly demonstrate that the PBMC from SRNS patients were 
capable of producing this material and that sera from these patients stimulated PBMC 
isolated from healthy subjects to produce the factor. These PBMC were cultured for 
periods of up to 72 hours and at 24 hour intervals the culture media were removed and 
tested for the production of the Nephronin. 




Fig 1. SDS-PAGE pattern of the so called cationic protein purified from the urine of 
children with Steroid Responsive Nephrotic Syndrome (SRNS), subsequently found to 
be immunoglobulin. 

Lane 1, Molecular weight standards; lanes 2 and 3, two major bands under reducing 
conditions from two different preparations; lanes 4 and 7, pattern of the protein bands 
observed under non-reducing conditions; lanes 5, 8, 9 and 10, pattern of the proteins 
observed under reducing conditions from different preparations and patients urine. 
Lane 6, urine sample from normal subject, processed as for the SRNS patient's 
samples. 
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1- Heparin 

2- Heparin 

3- Heparan Sulphate 

4- Heparan Sulphate 



Factor 



+ Factor 



5- Chondroitin Sulphate 

6- Chondroitin Sulphate 

7- Dermatan Sulphate 

8- Dermatan Sulphate 



+ Factor 



+ Factor 



Fig 2. Cellulose acetate electrophoresis of heparin, heparan sulphate, chondroitin 
sulphate and dermatan sulphate in the presence and the absence of the factor. 
In each case, 0.5 |il of a 2 mg/mL stock solution of each sample was applied to the 
cellulose acetate. Where the factor was used. 2 |il of the factor was premixed with 0.5 
|il of the appropriate glycosaminoglycan and the total sample mixture was then loaded 
onto the cellulose acetate. 



Plate A 



Plate B 



Fig 3. Gold conjugated poly-L-lysine staining of human umbilical vein endothelial 
cells. 

The endothelial cells were grown to confluence on gelatinised cover-slips. The cells 
were washed in PBS and then fixed with 4% paraformaldehyde. To specifically label 
cell surface heparan sulphate, the poly-l-lysine probe was incubated with the cells at pH 
1-1.5. The cells were counterstained with Meyer's Haematoxylin for 1 min before 
mounting in Aquamount 

Plate A shows control staining of the endothelial cells with the cationic probe, poly-l- 
lysine gold-conjugate. 

Plate B shows the HUVECs first incubated with the factor for 60 min. prior to 
staining with the cationic probe. 



Fig 4, Binding of the factor to heparan sulphate on viable endothelial cells. 
Endothelial cells were grown to confluence on gelatinised cover-slips. The viable cells 
were incubated with the factor in the culture medium for 10 min. 
The cells were then washed and fixed in cold methanol (-20°C) prior to staining with 
the cationic probe poly-L-lysine gold-conjugate. The cells were counterstained with 
Meyer's Haematoxylin for 1 rain before mounting in Aquamount 

Plate A shows the control staining for negatively charged molecules on the cell surface 
of the endothelial cells. 

Plate B shows the reduced gold staining of the endothelial cells incubated with the 
factor in the culture medium. 
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Experiment 9 
Figl 



Effect of different preparations of Nephronin on LPS- 
induced TNF-oc production. 
24h Post-stimulation 
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control 
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Long chain fatty acids were used in synthesis of Nephronin. The synthesis was 
performed under nitrogen to reduce oxidation of reactants. 

The pH of these preparations was adjusted with 0.2M NaSCitrate. Because of 
solubility problems, prior to their use in the biological system, these preparations were 
heated to 50°C so that a homogenous mixture was produced. 

Each sample was tested in duplicate except that in one instance the preparations were 
added to the culture plates containing the LPS and incubated for Ih prior to the 
addition of the cells. Alternatively, they were added to PBMC pre-mixed with LPS. 
The preparations are identified by the name of the acid used. 
The control preparation refers to preparation where the synthesis reaction was 
performed in the absence of fatty acid. 



Experiment 12 



FigJL 



Inhibition of LPS-induced TTsF-tx by different 
preparations of Nephronin. 
24h Post-stimulation 

2000] 

1800- . . 




LPS only Nephronin, Nephronin, Control, Control, Otirc 
NaSatnate Otricadd NaSatrate add 



Preparations of Nephronin, dissolved in water and the pH adjusted to neutral with 
10% ammonium hydroxide solution. 

Each sample was tested for its biological activity with isolated human PBMC. 
50|j.l of each preparation was added to 1ml of PBMC at 1.5xlO*cells/ml containing 
Ing/ml LPS. 

The concentration of TNF-a was determined in the culture supernatant 24 h post- 
stimulation. 
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Preparations of Nephrohin, dissolved in water and the pH adjusted to neutral with 
10% ammonium hydroxide. SO^il of each preparation was added to 1ml of PBMC 
containing Ing/ml LPS. 

Each sample was tested for its biological activity with isolated human PBMC. 
The concentration of IL-la was determined in the culture supernatants 24h post- 
stimulation. 
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Preparations of Nephronin, dissolved in water and the pH adjusted to neutral with 
10% ammonium hydroxide. 50^il of each preparation was added to 1ml of PBMC 
containing Ing/mlLPS, 

Each sample was tested for its biological activity with isolated human PBMC. 
The concentration of TNF-a was determined in the culture supernatants 48 h post- 
stimulation. 
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Preparations of Nephronin, dissolved in water and the pH adjusted to neutral with 
10% ammonium hydroxide. 50|al of each preparation was added to Iml of PBMC 
containing Ing/ml LPS. 

Each sample was tested, for its biological activity with isolated human PBMC. 
The concentration of IL-la was determined in the culture supernatant 48 h post- 
stimulation. 
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Preparations of Nephronin that were pH adjusted to neutral with 10% ammonium 

hydroxide solution. In each case 50|j.l of each preparation was added to human PBMC 

at 1.5 X 10^ cells/ml. The cells were stimulated with 5|Lig/ml of PHA. 

The cells were harvested at 24 and 48h post-stimulation and the levels of TNF-a 

determined. 



Experiment 12 
Fi£6 



Inhibition of PHA stimulated IL-1a by different 
preparations of Nephronin 



1400 

1200 

1000 

a 800 
li 

- 600 
E 

400 
200 H 
0 

-200 



SPHASug/ml 
0 Nephronin, Na3Citrate 
n Nephronin, Citric acid 




24h 



48h 



Preparations of Nephronin that were pH adjusted to neutral with 10% ammonium 

hydroxide solution. In each case 50|al of each preparation was added to human PBMC 

at 1.5 X 10^ cells/ml. The cells were stimulated with 5(ag/ml of PHA. 

The cells were harvested at 24 and 48h post-stimulation and the levels of IL-la 

determined. 
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50|al of the preparations of Nephronin that were pH adjusted to Neutral with 10% 
ammonium hydroxide were tested for their biological activity. 

In each case 1ml of PBMC at 1.5x 10^ cells/ml were used. The cells were harvested at 
24 and 48h post-stimulation and the concentration of TNF-a measured by sandwich 
ELISA. 
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Inhibition of LPS-induced IL-1a production by different 
preparations of Nephronin. 
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50|al of the preparations of Nephronin that were pH adjusted to Neutral with 10% 
ammonium hydroxide were tested for their biological activity. 

In each case 1ml of PBMC at 1.5x 10^ cells/ml were used. The cells were harvested at 
24 and 48h post-stimulation and the concentration of EL- la measured by sandwich 
ELISA. 
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50|il of each preparation of Nephroma, that were pH adjusted to Neutral with 10% 
ammonium hydroxide, were tested for their biological activity. 
In each case 1ml of PBMC at 1.5x 10^ cells/ml were stimulated with 50 ng/ml of the 
streptococcal stimulants. The cells were harvested at 24h post-stimulation and the 
concentration of TNF-a measured by sandwich ELISA. 
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50|il of each preparation of Nephronin, that were pH adjusted to Neutral with 10% 
ammonium hydroxide, were tested for their biological activity. 

In each case 1ml of PBMC at 1.5x 10^ cells/ml were stimulated with 50 ng/ml of the 
streptococcal stimulants. The cells were harvested at 24h post-stimulation and the 
concentration of IL-la measured by sandwich ELISA. 
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Inhibition of TNF-a by different preparations of Nephronin. 
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50|al of each preparation of Nephronin, that were pH adjusted to Neutral with 10% 
ammonium hydroxide, were tested for their biological activity. 
In each case 1ml of PBMC at 1.5x 10^ cells/ml were stimulated with 50ng/ml of the 
streptococcal stimulants. The cells were harvested at 72h post-stimulation and the 
concentration of TNF-a measured by sandwich ELISA. 
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50|il of each preparation of Nephronin, that were pH adjusted to Neutral with 10% 
ammonium hydroxide, were tested for their biological activity. 

In each case 1ml of PBMC at 1.5x 10^ cells/ml were stimulated with 50 ng/ml of the 
streptococcal stimulants. The cells were harvested at 72h post-stimulation and the 
concentration of IL-la measured by sandwich ELISA. 
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Increasing volumes of four preparations of Nephronin were used to investigate their 
ability to inhibit LPS-induced TNF-a production 24h post-stimulation. 
The stated volume of each preparation was added appropriately to chambers of 24 
well tissue culture plates. To each well 1ml of PBMC at 1.5x10^ cells/ml containing 
Ing/ml LPS, LPS was added to the cells immediately prior to being added to the 
culture plates. 
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Increasing volumes of four preparations of Nephronin were used to investigate their 
ability to inhibit LPS-induced IL-la production 24h post-stimulation. 
The stated volume of each preparation was added appropriately to chambers of 24 
well tissue culture plates. To each well 1ml of PBMC at 1.5x10^ cells/ml containing 
Ing/ml LPS. LPS was added to the cells immediately prior to being added to the 
culture plates. 
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Increasing volumes of four preparations of Nephronin were used to investigate their 
ability to inhibit LPS-induced TNF-a production 72h post-stimulation. 
The stated volume of each preparation was added appropriately to chambers of 24 
well tissue culture plates. To each well 1ml of PBMC at 1.5x10^ cells/ml containing 
Ing/ml LPS. LPS was added to the cells immediately prior to being added to the 
culture plates; 
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Increasing volumes of four preparations of Nephronin were used to investigate their 
ability to inhibit LPS-induced IL-la production 72h post-stimulation. 
The stated volume of each preparation was added appropriately to chambers of 24 
well tissue culture plates. To each well 1ml of PBMC at 1.5x10^ cells/ml containing 
Ing/ml LPS. LPS was added to the cells immediately prior to being added to the 
culture plates. 
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40|il of each preparation was added to chambers of 24 well tissue culture plates. To 
each well 5|ag of PHA was added, followed by 1ml of PBMC at 1.5x10^ cells/ml. 
Cells were harvest at 24 and 72h post-stimulation and the concentration of TNF-a and 
IL-la were measured in the culture supernatants. 
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50ng of the stated mitogens were added to chambers of 24 well tissue culture plates. 
To appropriate wells, 40|il of each preparation was added, followed by 1ml of PBMC 
at 1.5x10^ cells/ml added to each well. 

The cells were harvest at 24h post-stimulation and concentration of TNF-a was 
determined by sandwich ELISA. 

0 refers to cells stimulated with the appropriate mitogen only. 
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50ng of the stated mitogens were added to chambers of 24 well tissue culture plates. 
To appropriate wells, 40jil of each preparation was added, followed by 1ml of PBMC 
at 1.5x10^ cells/ml added to each well. 

The cells were harvest at 24h post-stimulation and concentration of IL-la was 
determined by sandwich ELISA. 

0 refers to cells stimulated with the appropriate mitogen only. 
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50ng of the stated mitogens were added to chambers of 24 well tissue culture plates. 
To appropriate wells, 40\xl of each preparation was added, followed by 1ml of PBMC 
at 1.5x10^ cells/ml added to each well. 

The cells were harvest at 72h post-stimulation and concentration of TNF-a was 
determined by sandwich ELISA. 

0 refers to cells stimulated with the appropriate mitogen only. 
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50ng of the stated mitogens were added to chambers of 24 well tissue culture plates. 
To appropriate wells, 40^1 of each preparation was added, followed by 1ml of PBMC 
at 1.5x10^ cells/ml added to each well. 

The cells were harvest at 72h post-stimulation and concentration of IL-la was 
determined by sandwich ELISA. 

0 refers to cells stimulated with the appropriate mitogen only. 
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Increasing volumes of three preparations of Nephronin were tested for their biological 
activity. 

Preparations of Nephronin were added to chambers of 24 well tissue culture plates. 
1ml of PBMC at 1.5x10' cells/ml containing Ing/ml LPS was added to each well. 
LPS was added to PBMC immediately prior to the addition of cells. 
Cells were harvested 24h post-stimulation and the concentration of TNF-a was 
measured by sandwich ELISA. 
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Increasing volumes of three preparations of Nephronin were tested for their biological 
activity. 

Preparations of Nephronin were added to chambers of 24 well tissue culture plates. 
1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was added to each well. 
LPS was added to PBMC immediately prior to the addition of cells. 
Cells were harvested 24h post-stimulation and the concentration of IL-la was 
measured by sandwich ELIS A. 
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Increasing volumes of three preparations of Nephronin were tested for their biological 
activity. 

Preparations of Nephronin were added to chambers of 24 well tissue culture plates. 
1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was added to each well, 
LPS was added to PBMC immediately prior to the addition of cells. 
Cells were harvested 48h post-stimulation and the concentration of TNP-a was 
measured by sandwich ELISA. 
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Increasing volumes of three preparations of Nephronin were tested for their biological 
activity. 

Preparations of Nephronin were added to chambers of 24 well tissue cuhure plates. 
1ml of PBMC at 1.5x10*^ cells/ml containing Ing/ml LPS was added to each well. 
LPS was added to PBMC immediately prior to the addition of cells. 
Cells were harvested 48h post-stimulation and the concentration of IL-la was 
measured by sandwich ELISA. 
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Comparison of biological activities of eight preparations. 

In each case 40|al of each preparation was added to PBMC at 1,5x10^ cells/ml 

containing Ing/ml LPS. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 

methodology. Preparations 3,4 and 6 are the control preparations respectively. 

Preparations 7 and 8 refer to the solvent soluble material after treatment of Na3 Citrate 

with the appropriate acids that was decanted and processed as above. 

Cells were harvested 24h post-stimulation and the concentration of TNF-a was 

measured by sandwich ELISA, 

Negative values indicate activation of cells. 



Experiment 16 



Fig 6 



Effect of different preparations on LPS-induced IL-1„ 

24hPost-stmfafon 




Comparison of biological activities of eight preparations. 

In each case 40^1 of each preparation was added to PBMC at 1 5x10^ cells/ml 

containing Ing/mlLPS. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 

methodology. Preparations 3,4 and 6 are the control preparations respectively 

Preparations 7 and 8 refer to the solvent soluble material after treatment of NaSCitrate 

with the appropriate acids that was decanted and processed as above 

Cells were harvested 24h post-stimulation and the concentration of IL-la was 

measured by sandwich ELISA. 

Negative values indicate activation of cells. 
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Comparison of biological activities of eight preparations. 

In each case 40jal of each preparation was added to PBMC at 1.5x10*^ cells/ml 

containing Ing/ml LPS. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 

methodology. Preparations 3,4 and 6 are the control preparations respectively. 

Preparations 7 and 8 refer to the solvent soluble material after treatment of Na3 Citrate 

with the appropriate acids that was decanted and processed as above. 

Cells were harvested 48h post-stimulation and the concentration of TNF-a was 

measured by sandwich ELIS A. 

Negative values indicate activation of cells. 
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Comparison of biological activities of eight preparations. 

In each case 40|al of each preparation was added to PBMC at LSxlO*^ cells/ml 

containing Ing/ml LPS. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 

methodology. Preparations 3,4 and 6 are the control preparations respectively. 

Preparations 7 and 8 refer to the solvent soluble material after treatment of Na3 Citrate 

with the appropriate acids that was decanted and processed as above. 

Cells were harvested 48h post-stimulation and the concentration of IL-la was 

measured by sandwich ELISA. 

Negative values indicate activation of cells. 
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Comparison of biological activities of eight preparations. 

In each case 40|al of each preparation was added to chambers of 24 well tissue culture 
plates. To each well, 5fig of PHA was added followed by 1ml to PBMC at 1.5x10^ 
cells/ml. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 
methodology. 

Preparations 3,4 and 6 are the control preparations respectively. 

Preparations 7 and 8 refer to the solvent soluble material after treatment of Na3 Citrate 

with the appropriate acids that was decanted and processed as above. 

Cells were harvested 24h post-stimulation and the concentration of TNF-a was 

measured by sandwich ELISA. 

Negative values indicate activation of cells. 
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Comparison of biological activities of eight preparations. 

In each case 40^1 of each preparation was added to chambers of 24 well tissue culture 
plates. To each well. 5ng of PHA was added followed by 1ml to PBMC at 1 SxlO*^ 
cells/ml. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 
methodology. 

Preparations 3,4 and 6 are the control preparations respectively 

Preparations 7 and 8 refer to the solvent soluble material after treatment of Na3Citrate 

with the appropriate acids that was decanted and processed as above 

Cells were harvested 48h post-stimulation and the concentration of TNF-a was 

measured by sandwich ELIS A. 

Negative values indicate activation of cells. 
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Comparison of biological activities of eight preparations. 

In each case 40^.1 of each preparation added to chambers of 24 well tissue culture 
plates. To each well, 5jig of PHA was added followed by 1ml to PBMC at 1.5x10^ 
cells/ml. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 
methodology. 

Preparations 3,4 and 6 are the control preparations respectively. 

Preparations 7 and 8 refer to the solvent soluble material after treatment of Na3 Citrate 

with the appropriate acids that was decanted and processed as above. 

Cells were harvested 24h post-stimulation and the concentration of IL-la was 

measured by sandwich ELISA. 

Negative values indicate activation of cells. 



Experiment 16 



Fig 12 



ffect of different preparations on PHA- 
I nduced IL- 1 
48li P ost-stimuiation 



1 20 




Comparison of biological activities of eight preparations. 

In each case 40^1 of each preparation was added to chambers of 24 well tissue culture 
plates. To each well, 5ng of PHA was added followed by 1ml to PBMC at 1 5xlO' 
cells/ml. 

Preparations 1, 2 and 5 are preparations of Nephronin using slightly different 
methodology. 

Preparations 3,4 and 6 are the control preparations respectively 

Preparations 7 and 8 refer to the solvent soluble material after treatment of Na3Citrate 

with the appropriate acids that was decanted and processed as above. 

Cells were harvested 48h post-stimulation and the concentration of IL-la was 

measured by sandwich ELISA. 

Negative values indicate activation of cells. 
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Three preparations where acids of increasing carbon chain length were used to 
synthesise Nephronin. An increasing volume of each preparation was used to test their 
potency in inhibiting LPS-induced TNF-a production. 

Prep 1, refers to preparation of Nephronin where acetic acid was used in the synthesis 
procedure. 

In Prep's 3 and 5, refers to Propanoic and Butyric acid respectively in the synthesis 
procedure, as in Preparation 1 . 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of TNFkx measured using sandwich ELIS A. 
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Inhibition of LPS-induced IL-1a by three differernt 
preparations of Nephronin. 
24h Post-stimulation 




Three preparations where acids of increasing carbon chain length were used to 
synthesise Nephronin. An increasing volume of each preparation was used to test their 
potency m inhibiting LPS-induced IL-la production. 

Prep 1, refers to preparation of Nephronin where acetic acid was used in the synthesis 
procedure. ^ 

In Prep's 3 and 5, refers to Propanoic and Butyric acid respectively in the synthesis 
procedure as in Preparation 1 . 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10*' cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of IL-la measured using sandwich ELISA. 
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Comparison between preparations of Nephronin, synthesised from the acid soluble 
and the solid from the treatment of Na3Citrate with acetic acid, 
A dose dependent inhibition of LPS-induced TNF-a production, produced by an 
increasing volume of each preparation. 

Prep 1, refers to preparation of Nephronin where Na3Citrate was first treated with 
acetic acid and the mixture used in the synthesis procedure. 

Prep 2, refers to preparation where acetic acid was added to Na3 Citrate and after 2h 
incubation with the citrate, the acid soluble material was used in the synthesis 
procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 
were then added to each well The cells were harvested 24h post-stimulation and the 
concentration of TNF-a measured using sandwich ELISA. 
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Comparison between preparations of Nephronin, synthesised from the acid soluble 
and the solid from the treatment of Na3Citrate with acetic acid. 
A dose dependent inhibition of LPS-induced IL-la production, produced by an 
increasing volume of each preparation. 

Prep 1, refers to preparation of Nephronin where NaSCitrate was first treated with 
acetic acid and the mixture used in the synthesis procedure. 

Prep 2, refers to preparation where acetic acid was added to Na3 Citrate and after 2h 
incubation with the citrate, the acid soluble material was used in the synthesis 
procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10*^ cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of IL-la measured using sandwich ELISA. 
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Comparison between preparations of Nephronin, synthesised from the acid soluble 
and the solid from the treatment of NaSCitrate with propanoic acid. 
A dose dependent inhibition of LPS-induced TNF-a production, produced by an 
increasing volume of each preparation. 

Prep 3, refers to preparation of Nephronin where Na3 Citrate was first treated with 

propanoic acid and the mixture used in the synthesis procedure. 

Prep 4, refers to preparation where propanoic acid was added to N£l3 Citrate and after 

2h incubation with the citrate, the acid soluble material was used in the synthesis 

procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of TNF-a measured using sandwich ELISA. 
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Comparison between preparations of Nephronin, synthesised from the acid soluble 
and the solid from the treatment of NaSCitrate with propanoic acid. 
A dose dependent inhibition of LPS-induced IL-la production, produced by an 
increasing volume of each preparation. 

Prep 1, refers to preparation of Nephronin where NaSCitrate was first treated with 

propanoic acid and the mixture used in the synthesis procedure. 

Prep 2, refers to preparation where propanoic acid was added to Na3 Citrate and after 

2h incubation with the citrate, the acid soluble material was used in the synthesis 

procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of IL-la measured using sandwich ELISA. 
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Comparison between preparations of Nephronin, synthesised from the acid soluble 
and the solid from the treatment of Na3 Citrate with butyric acid. 
A dose dependent inhibition of LPS-induced TNF-a production, produced by an 
increasing volume of each preparation. 

Prep 5, refers to preparation of Nephronin where Na3 Citrate was first treated with 
butyric acid and the mixture used in the synthesis procedure. 

Prep 6, refers to preparation where butyric acid was added to Na3 Citrate and after 2h 
incubation with the citrate, the acid soluble material was used in the synthesis 
procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of TNF-a measured using sandwich ELISA! 
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Comparison between preparations of Nephronin, synthesised from the acid soluble 
and the solid from the treatment of NaSCitrate with butyric acid. 
A dose dependent inhibition of LPS-induced IL-la production, produced by an 
increasing volume of each preparation. 

Prep 5, refers to preparation of Nephronin where Na3Citrate was first treated with 
butyric acid and the mixture used in the synthesis procedure. 

Prep 6, refers to preparation where butyric acid was added to Na3 Citrate and after 2h 
incubation with the citrate, the acid soluble material was used in the synthesis 
procedure. 

In each case, the appropriate volume of the preparations was added to 24 well tissue 
culture plate, 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS were then 
added to each well. The cells were harvested 24h post-stimulation and the 
concentration of IL- 1 a measured using sandwich ELIS A. 
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Comparison between Na3 Citrate treated first with the appropriate acid. After removal 
of the acid soluble material, the resulting material was then used in the synthesis 
procedure, A dose dependent inhibition of LPS-induced TNF-a production, produced 
by an increasing volume of each preparation. 

Prep 7, refers to preparation of Nephronin where Na3 Citrate was first treated v/ith 
acetic acid and after removing the acid, the remaining material used in the synthesis 
procedure. 

Prep 8, refers to preparation of Nephronin where Na3 Citrate was first treated with 
propanoic acid and after removing the acid, the remaining material used in the 
synthesis procedure. 

Prep 9, refers to preparation of Nephronin where Na3 Citrate was first treated with 
butyric acid and after removing the acid, the remaining material used in the synthesis 
procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of TNF-a measured using sandwich ELISA 
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Comparison between Na3 Citrate treated first with the appropriate acid. After removal 
of the acid soluble material, the resulting material was then used in the synthesis 
procedure. A dose dependent inhibition of LPS-induced IL-la production, produced 
by an increasing volume of each preparation. 

Prep 7, refers to preparation of Nephronin where NaSCitrate was first treated with 
acetic acid and after removing the acid, the remaining material used in the synthesis 
procedure. 

Prep 8, refers to preparation of Nephronin where NaSCitrate was first treated with 
propanoic acid and after removing the acid, the remaining material used in the 
synthesis procedure. 

Prep 9, refers to preparation of Nephronin where NaSCitrate was first treated with 
butyric acid and after removing the acid, the remaining material used in the synthesis 
procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 
well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 
were then added to each well. The cells were harvested 24h post-stimulation and the 
concentration of IL-la measured using sandwich ELISA. 
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Comparison of nine preparations using acetic acid, propanoic acid and butyric acid in 
the synthesis procedure. Minor modifications in the treatment of citrate were 
introduced and the synthesised material tested for their ability to inhibit PHA-induced 
TNF-a production. 

Preps 1, 3 and 5 refers to preparation of Nephronin where Na3Citrate was first treated 
with acetic acid, propanoic acid, and butyric acid respectively, and the mixture used in 
the synthesis procedure. 

Preps 2, 4 and 6 refers to preparation of Nephronin where NaSCitrate was first treated 

with acetic acid, propanoic acid and butyric acid respectively, and the resulting acid 

soluble material was decanted and used in the synthesis procedure. 

Preps 7, 8 and 9 refers to preparation of Nephronin where NaSCitrate was first treated 

with acetic acid, propanoic acid and butyric acid respectively, and after removing the 

acid soluble material, the solids were used in the synthesis procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 

well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 

were then added to each well. The cells were haivested 24h post-stimulation and the 

concentration of TNF-a measured using sandwich ELISA. 
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Comparison of nine preparations using acetic acid, propanoic acid and butyric acid in 
the synthesis procedure. Minor modifications in the treatment of citrate were 
introduced and the synthesised material tested for their ability to inhibit PHA-induced 
IL-la production. 

Preps 1, 3 and 5 refers to preparation of Nephronin where Na3 Citrate was first treated 
with acetic acid, propanoic acid, and butyric acid respectively, and the mixture used in 
the synthesis procedure. 

Preps 2, 4 and 6 refers to preparation of Nephronin where Na3 Citrate was first treated 

with acetic acid, propanoic acid and butyric acid respectively, and the resulting acid 

soluble material was decanted and used in the synthesis procedure. 

Preps 7, 8 and 9 refers to preparation of Nephronin where Na3 Citrate was first treated 

with acetic acid, propanoic acid and butyric acid respectively, and after removing the 

acid soluble material, the solids were used in the synthesis procedure. 

In each case, the appropriate volume of the preparations was added to chambers of 24 

well tissue culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS 

were then added to each well. The cells were harvested 24h post-stimulation and the 

concentration of IL-la measured using sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production, by three preparations 
of Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at LSxlO^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production, by three preparations 
of Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of NaScitrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An mcreasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production, by three preparations of 
Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3citrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production, by three preparations of 
Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production, by three preparations 
of Nephronin using Propanoic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with Propanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 



Experiment 17R 



FisL6 



1 600 
1400 
1200 

p 1000 

1*. 

3r 

!Z 800 

_e 

^ 600 
400 
200 

O . 



Inhibition of LPS -induced TNF-ot by preparations of 
Nephronin using Propanoic acid. 
48h Post-stimulation 




. P r e p 3 
- P f op 4 
.Prep 8 



10 Ul 



20ul 
Vo I u m e 



30ul 



40 u I 



Dose dependent inhibition of LPS-induced TNF-a production, by three preparations 
of Nephronin using Propanoic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3Citrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with Propanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3Citrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production, by three preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of NaScitrate 
with Propanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3Citrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL- la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production, by three preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of NaScitrate 
with Propanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing l.ng/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production, by three preparations 
of Nephronin using Butyric acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3Citrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at L 5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production, by three preparations 
of Nephronin using Butyric acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of NaScitrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production, by three preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of NaScitrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production, by three preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of NaSCitrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced TNF-a production by three preparations 
of Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of NaSCitrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5|ig of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced TNF-a production by three preparations 
of Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3citrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of NaSCitrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5|ig of PHA was added and then 1ml of PBMC at 1 5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced IL-la production by three preparations of 
Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL-la production. 

The indicated volume of each preparation was added to chanjbers of 24 well tissue 
culture plates. To each well 5|ig of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of PPiA-induced IL-la production by three preparations of 
Nephronin using acetic acid in the synthesis procedure. 

Prep 1 refers to preparation of Nephronin, by pre-treating Na3 Citrate with acetic acid 
and the mixture used in the synthesis. 

Prep 2 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with acetic acid, the acid soluble material was used in the synthesis procedure. 
Prep 7 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with acetic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5|ig of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced TNF-a production by three preparations 
of Nephronin using Propanoic acid in the synthesis procedure. 

Prep 3 refers to preparation of Nephronin, by pre-treating Na3Citrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 4 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with Propanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 8 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5[xg of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of TNF-a measured by sandwich ELISA, 
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Dose dependent inhibition of PHA-induced TNF-a production by three preparations 
of Nephronin using Propanoic acid in the synthesis procedure. 

Prep 3 refers to preparation of Nephronin, by pre-treating Na3Citrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 4 refers to preparation of Nephronin, where after pre-treatment of NaScitrate 
with Propanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 8 refers to preparation of Nephronin, where after pre-treatment of Na3Citrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well Syig of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced DL-la production by three preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Prep 3 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 4 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with Pjopanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 8 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL- la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well Spig of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced IL-la production by three preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Prep 3 refers to preparation of Nephronin, by pre-treating NaSCitrate with Propanoic 
acid and the mixture used in the synthesis. 

Prep 4 refers to preparation of Nephronin, where after pre-treatment of NaScitrate 
with Propanoic acid, the acid soluble material was used in the synthesis procedure. 
Prep 8 refers to preparation of Nephronin, where after pre-treatment of NaSCitrate 
with Propanoic acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5|ig of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of IL-la measured by sandwich ELISA. 



Experiment 17R 



Fig 21 



Inhibition of P HA- induced TNF-qc by preparations of 
Nephronin using Butyric acid. 
24h Post-stimulation 

3500 




O -I , , 

0 20 ul 40 ul 

Volume 



Dose dependent inhibition of PHA-induced TNF-a production by three preparations 
of Nephronin using Butyric acid in the synthesis procedure. 

Prep 5 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 6 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 9 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5[xg of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced TNF-a production by three preparations 
of Nephronin using Butyric acid in the synthesis procedure. 

Prep 5 refers to preparation of Nephronin, by pre-treating NaSCitrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 6 refers to preparation of Nephronin, where after pre-treatment of Na3citrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 9 refers to preparation of Nephronin, where after pre-treatment of Na3 Citrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well S^ig of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced IL-la production by three preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Prep 5 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 6 refers to preparation of Nephronin, where afler pre-treatment of Na3citrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 9 refers to preparation of Nephronin, where after pre- treatment of Na3 Citrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5p.g of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced IL-1 a production by three preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Prep 5 refers to preparation of Nephronin, by pre-treating Na3 Citrate with Butyric 
acid and the mixture used in the synthesis. 

Prep 6 refers to preparation of Nephronin, where after pre-treatment of Na3 citrate 
with butyric acid, the acid soluble material was used in the synthesis procedure. 
Prep 9 refers to preparation of Nephronin, where after pre-treatment of Na3Citrate 
with Butyric acid and removal of the acid soluble material, the remaining solid was 
used in the synthesis procedure. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL- 1 a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5|ag of PHA was added and then 1ml of PBMC at 1.5x10^ 
cells/ml was added to each well. The cells were harvested at the indicated time and 
the concentration of IL-1 a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production by two preparations of 
Nephronin using Acetic acid in the synthesis procedure. 

Preparations 1 and 4 are identical except that the solvent layer in preparation 1 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Nephronin using Acetic acid in the synthesis procedure. 

Preparations 1 and 4 are identical except that the solvent layer in preparation 1 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production by two preparations of 
Nephronin using Acetic acid in the synthesis procedure. 

Preparations 1 and 4 are identical except that the solvent layer in preparation 1 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each welL The cells were harvested at the indicated tinie and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production by two preparations of 
Nephronin using Acetic acid in the synthesis procedure. 

Preparations 1 and 4 are identical except that the solvent layer in preparation 1 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plate. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production by two preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Preparations 2 and 5 are identical except that the solvent layer in preparation 2 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at L5xl0^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production by two preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Preparations 2 and 5 are identical except that the solvent layer in preparation 2 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production by two preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Preparations 2 and 5 are identical except that the solvent layer in preparation 2 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at L5xlO^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production by two preparations of 
Nephronin using Propanoic acid in the synthesis procedure. 

Preparations 2 and 5 are identical except that the solvent layer in preparation 2 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production by two preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Preparations 3 and 6 are identical except that the solvent layer in preparation 3 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at L5xlO^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production by two preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Preparations 3 and 6 are identical except that the solvent layer in preparation 3 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced TNF-a production by two preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Preparations 3 and 6 are identical except that the solvent layer in preparation 3 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced TNF-oc production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at 1.5x10^ cells/ml containing 1 ng/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of LPS-induced IL-la production by two preparations of 
Nephronin using Butyric acid in the synthesis procedure. 

Preparations 3 and 6 are identical except that the solvent layer in preparation 3 was 
removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
LPS-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. 1ml of PBMC at L 5x10^ cells/ml containing Ing/ml LPS was then 
added to each well. The cells were harvested at the indicated time and the 
concentration of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced TNF-a production by six preparations of 
Nephronin. 

All preparations were synthesised identically except that the solvent layer in 
preparations 1, 2 and 3 was removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture^lates. To each well 5|-ig of PHA was added followed by 1ml of PBMC at 
1.5x10 cells/ml. The cells were harvested at the indicated time and the concentration 
of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced IL-la production by six preparations of 
Nephronin. 

All preparations were synthesised identically except that the solvent layer in 
preparations 1, 2 and 3 was removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture^plates. To each well Sjig of PHA was added followed by 1ml of PBMC at 
1.5x10 cells/ml. The cells were harvested at the indicated time and the concentration 
of IL-la measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced TNF-a production by six preparations of 
Nephronin. 

All preparations were synthesised identically except that the solvent layer in 
preparations 1, 2 and 3 was removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced TNF-a production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture plates. To each well 5|ig of PHA was added followed by 1ml of PBMC at 
1.5x10^ cells/ml. The cells were hairvested at the indicated time and the concentration 
of TNF-a measured by sandwich ELISA. 
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Dose dependent inhibition of PHA-induced IL-la production by six preparations of 
Nephronin. 

All preparations were synthesised identically except that the solvent layer in 
preparations 1, 2 and 3 was removed. 

An increasing volume of each preparation was used to test their potency in inhibiting 
PHA-induced IL-la production. 

The indicated volume of each preparation was added to chambers of 24 well tissue 
culture^plates. To each well 5ptg of PHA was added followed by 1ml of PBMC at 
1 .5x10 cells/ml. The cells were harvested at the indicated time and the concentration 
of IL-la measured by sandwich ELISA. 
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Comparison of dose dependent iiiiiibition profile LPS-induced TNF-a production by eight preparations 
of Neplironin. In the cases of AA, BA and PA, duplicate preparations were prepared to test for 
differences in response in a given biological system. 

Tlie lettering beside each preparation indicates tlie acid used in tlie synthesis procedure. 

In each case, Uie indicated volume of the each sample was added to chambers of 24 well tissue culture 
plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml of LPS was added to each well. Tlie cells 
were harvested 24h post-stimulation and the concentration of TNF-a was determined by sandwich 
ELISA. 



Experiment 21 
Fig 2 



Inhibition of PHAHnduced TNF-a by different 
preparations of Nephronin. 
24h Post-stimulation 




Prep AA 
^ — Prep PA 
Prep 5 BA 
Prep HA 
Prep OA 



A dose dependent inhibition profile PHA-induced TNF-a production by five preparations of 
Nepluonin. 

The lettering beside each preparation indicates tlie acid used in the synthesis procedure. 

In each case, tlie indicated volume of each sample was added to chambers of 24 well tissue culture 
plates, 5^ig of PHA was added to all wells followed by the addition of 1 ml of PBMC at 1.5x10^ 
cells/ml per well. Tlie cells were harvested 24h post-stimulation and tlie concentration of TNF-a was 
determined by sandwich ELISA. 
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Dose dependent inliibition profile of LPS-induced TNF-a production by two different preparations of 
Nepluonin. 

In both cases, Na3Citrate was first treated witli excess acetic acid (prepl) or propanoic acid (prep 2). 
Tlie resulting white solid material was tlien used in the syntliesis procedure. 

The indicated volume of each preparation was added to cliambers of 24 well tissue culture plates, 1 ml 
of PBMC at 1.5x10^ cells/ml per well containing Ing/ml LPS was then added to each well. Tlie cells 
were harvested 24Ii post-stimulation and tlie concentration of TNF-oc was determined by sand^vich 
ELISA. 
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Dose dependent inhibition profile of LPS -induced IL-la production by two different preparations of 
Neplironin. 

In both cases, Na3Citrate was first treated wiUi excess acetic acid (prepl) or propanoic acid (prep 2). 
The resulting while solid material was dien used in die syntJiesis procedure. 

Tlie indicated volume of each preparation was added to cliambers of 24 well tissue culture plates. 1 ml 
of PBMC at 1.5x10^ cells/ml per well containing Ing/ml LPS was then added to each well. The cells 
were harvested 24h post-stimulation and die concentration of IL-la was determined by sandwich 
ELISA. 
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Dose dependent inliibition profile of PHA-induced TNF-a production by two different preparations of 
Neplironin. 

In both cases, Na3Citrate was first treated witli excess acetic acid (prepl) or propanoic acid (prep 2). 
Tlie resulting while solid material was tlien used in tlie synthesis procedure. 

The indicated volume of each preparation was added to cliambers of 24 well tissue culture plates, 5\ig 
of PHA was added to each well followed by the addition of 1 ml of PBMC at 1,5x10^ cells/ml. Tlie 
cells were liar\'ested 24h post-stimulation and tlie concentration of TNF-a was determined by sand\vich 
ELISA. 
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Dose dependent inliibition profile of PHA-induced IL-la production by two different preparations of 
Nephronin. 

In both cases, Na3Citrate was first treated with excess acetic acid (prepl) or propanoic acid (prep 2). 
The resulting white solid material was tlien used in the s>^nthesis procedure. 

Tlie indicated volume of each preparation was added to cliambers of 24 well tissue culture plates. 5\xg 
of PHA was added to each well followed by the addition of 1 ml of PBMC at 1.5x10* cells/ml. The 
cells were liarvcsted 24h post-stimulation and the concentration of IL-la was determined by sandwich 
ELISA. 



0 • 



Experiment 23 



Fig 1 



Inhibition of LPS-induced TNF-a by four different preparations of 

Nephronln. 
24h Post-stimulation 



2000 1 




0 ^ . . ' ^ 

0 10 ul 20 ul 30 ul 40 ul 

Volume of Nephronin 



Dose dependent inliibition profile of LPS-induced TNF-a production b)' four different preparations of 
Neplironin. 

In each case Na3Citrate was first treated with excess acetic acid. The resulting wlxite solid material, 
following centrifugation and aspiration of the liquid was used in the synthesis procedure where 
different acids were utilised in the S5'nthesis procedure. 

Preparation 1 refers to syntliesis procedure where propanoic acid was used. Preparations 2, 3 and 4 
refer to s^'nlliesis procedures where Butyric acid, Hexanoic acid and Octanoic acids were used 
respectively. 

Tlie indicated volume from each preparation was added to chambers of 24 well tissue culture plates. 1 
ml of PBMC at 1.5x10^ cells/ml per well containing Ing/ml LPS was then added to each well. The 
cells were lian ested 24 h post-stimulation and tlie concentration of TNFkx was determined by sandwich 
ELISA 
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Dose dependent inhibition profile of LPS-induced IL-la production by four different preparations of 
Nephronin. 

In each case Na3 Citrate was first treated witli excess acetic acid. The resulting white solid material, 
following centrifiigation and aspiration of tlie liquid was used in tlie synthesis procedure where 
different acids were utilised in tlie synthesis procedure. 

Preparation 1 refers to syntliesis procedure where propanoic acid was used. Preparations 2, 3 and 4 
refer to sj'ntliesis procedures where But>'ric acid, Hexanoic acid and Octanoic acids were used 
respectively. 

The indicated volume from each preparation was added to chambers of 24 well tissue culture plates. 1 
ml of PBMC at 1.5x10^ cells/ml per well containing Ing/ml LPS was then added to each well. The 
cells were han'ested 24h post-stimulation and tlie concentration of IL-la was determined by sand^vich 
ELISA 
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Dose dependent inliibition profile of PHA-induced TNFhx production by four different preparations of 
Nephronin. 

In each case Na3Citrate was first treated wi\h excess acetic acid. The resulting white solid material, 
following centrifugation and aspiration of die liquid was used in the s)'ntliesis procedure where 
different acids were utilised in the s>'nthesis procedure. 

Preparation 1 refers to syntliesis procedure where propanoic acid was used. Preparations 2, 3 and 4 
refer to sj nthesis procedures where But>'ric acid, Hexanoic acid and Octanoic acids were used 
respectively. 

The indicated volume from each preparation was added to chambers of 24 well tissue culture plates. 
5[ig of PHA was added to the each well followed by 1 ml of PBMC at 1.5x10^ cells/ml. Tlie cells were 
harvested 24h post-stimulation and tlie concentration of TNF-a was detennined by sandwich ELISA 
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Dose dependent inhibition profile of PHA-induced IL-la production by four different preparations of 
Nephronin. 

In each case Na3 Citrate was first treated with excess acetic acid. The resuUing wliite solid material, 
following ccntrifugation and aspiration of tlie Uquid w^as used in tlie synthesis procedure where 
different acids were utilised in tlie synthesis procedure. 

Preparation 1 refers to sj^nthesis procedure where propanoic acid was used. Preparations 2, 3 and 4 
refer to sj^ntliesis procedures where Butj^ric acid, Hexanoic acid and Octanoic acids were used 
respectively. 

The indicated volume from each preparation was added to chambers of 24 well tissue culture plates. 
5^g of PHA was added to the each well followed by 1 ml of PBMC at 1.5x10* cells/mJ. The cells were 
Iiarvested 24h post-stimulation and tlie concentration of IL-la was determined by sandwich ELISA 
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preparations of Nephronin with increasing concentrations 

of LPS. 
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Increasing concentrations of LPS ^vere used to stimulate PBMC. 40fil of each preparation was used 
tlie iiiliibilion of LPS-induced TNF-a production. 

In each case 40(il of each preparation was added to chambers of tlie tissue culture plates containing 
LPS that would give the indicated concentration in 1ml. 

1 ml of PBMC at 1.5x10^ cells/ml was then added to each well. The cells were harv^ested 24 h post- 
stimulation and the concentration of TNF-oc was determined by sandwich ELISA. 
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Fig 6 



Inhibition of TNF-a by 40 ^1 of different preparations of 
Nephronin with increasing concentrations of LPS. 
24h Post-stimulation 




Increasing concentrations of LPS were used to stimulate PBMC. 40^1 of each preparation was used 
the inliibition of LPS-induced TNF-a production. 

In each case 40^1 of each preparation was added to cliambers of tlie tissue culture plates containing 
LPS tliat would give tlie indicated concentration in 1ml. 

1 ml of PBMC at 1.5x10^ cells/ml was then added to each well. Hie cells were harx^ested 24h post- 
stimulation and the concentration of TNF-a was determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for LPS- induced TNF-a production by 
Ncphronin, preparation 1 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of NaSCitrate in tlie preparation, 
IM of CaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of Na3Citrate in the preparation, 
1 M of CaC12 was added. 

1M:1.5M refers to treatment of Nephronin where for every IM of NaSCitrate m the 
preparation, 1.5M of CaCl2 was added. 

The samples were mixed and the resulting precipitates were removed by centrifogation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 24h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for LPS-induced IHa production by 
Nephronin, preparation 1 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of Na3Citratc in the preparation, 
1 M of CaCl2 was added. 

1M:1M refers to treatment of Nephronin where for every IM of NaSCitrate in the prep)aration, 
IM of CaC12 was added. 

IM: L5M refers to treatment of Nephronin where for every IM of NaSCitrate in the 
prepamtion, 1 .5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by ccntriftigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 24h post-stimulation and the concentration of IL-la was 
determined by sandwich ELTSA. 
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Comparison of dose dependent inhibition profile for LPS-induced TNF-a prcxiuction by 
Nephronin, preparation 1 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of Na3Citrate in the preparation. 
1 M of CaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of Na3Citrate m the preparation, 
lMofCaa2 was added. 

IMil.SM refers to treatment of Nephronin where for every IM of Na3Citratc m the 
preparation, I .SM of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centriftigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at l.SxlO" cells/ml containing Ing/ral of LPS was added to each 
well. The cells were harvested 48h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELIS A. 
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Comparison of dose dependent inhibition profile for LPS-induced 11^ la production by 
Ncphronin, preparation 1 from experiment 23, treated witli CaCl2, 

2M:1M refers to treatment of Nephronin where for every 2M of Na3Citrate in the preparation, 
IM of CaC12 was added. 

IMrlM refers to treatment of Nephronin where for every IM of Na3Citrate in the preparation, 
IM of CaCl2 was added. 

1M:1.5M refers to treatment of Ncphronin where for every IM of Na3Citratc in the 
preparation, 1 .5M of CaCl2 waa added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1 .5x10^ cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 48h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for LPS-induced TNF-a production by 
Nephronin, preparation 4 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of Na3Citratc in the preparation. 
1 M of CaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of Na3Citrate in the preparation, 
1 M of CaCl2 was added. 

1M:1.5M reform to treatment of Nephronin where for every IM of Na3Citrate in the 
preparation, 1 .5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1.5x10^ cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 24b post-stimulation and the concentration of TT^-a was 
determined by sandwich ELISA. . . 
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Comparison of dose dependent inhibition profile for LPS-induced IL-la production by 
Nephronin, preparation 4 from experiment 23, treated with CaCi2. 

2M: IM refers to treatment of Nephronin where for every 2M of Na3Citrate in the preparation, 
IM of CaCl2 was added. 

1 M: IM refers to treatment of Nephronin where for every IM of Na3 Citrate in the preparation, 
IM of CaCl2 was added. 

1M:1.5M refers to treatment of Nephronin where for every IM of NaSCitrate in the 
preparation, 1.5M of CaCl2 was added. 

The samples were mixed and the resulting precipitates were removed by centrifiigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. I ml of PBMC at 1.5x10^ cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 24h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for LPS-induced TNF-a production by 
Nephronin, preparation 4 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of NaSCitrate in the preparation, 
1 M of CaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of Na3Citrate in the preparation, 
IM of CaC12 was added. 

1M;1.5M refers to treatment of Nephronin where for every IM of Na3Citrate in the 
preparation* 1 .5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifiigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1.5x10* cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 48h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for LPS-induccd IL-la production by 
Ncphronin, preparation 4 from experiment 23, treated with CaC12, 

2M:1M refers to treatment of Ncphronin where for every 2M of Na3Citrate in the preparation, 
IM of CaC12 was added, 

1M:1M refers to treatment of Ncphronin where for every IM of NaSCitrate in the preparation, 
IM of CaC12 was added. 

IM: 1 .5M refers to treatment of Ncphronin where for every IM of Na3Citrate in the 
preparation, 1 .5M of CaCI2 was added. 

The samples were mixed and the resulting precipitates were removed by centrifiigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1 .5x10* cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 48h post^stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for LPS-induced TNF-a production by a 
solution of 0.25M ammonium citrate, pH 7.4. 

2M:IM refers to treated ammonium Citrate solution where for every 2M of ammonium 
Citrate IM of CaCI2 was added. 

IM: IM refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate IM of CaC12 was added. 

1M:1.5M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate 1 .5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by ccntrifligation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates, 1 ml of PBMC at 1.5x10* cclls/ml containing IngAnl of LPS was added to each 
well. The cells were harvested 24h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELlSA. 
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Comparison of dose dependent inhibition profile for LPS-induced IL-lot production by a 
solution of 0.25M ammonium citrate, pH 7.4. 

2M:1M refers to treated ammonium Citrate solution where for every 2M of ammonium 
Citrate IM of CaC12 was added. 

1 M: IM refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate IM of CaC12 was added. 

I M: 1 .5M refers to treated ammonium Citrate solution where for every 1 M of ammonium 
Citrate 1,5M of CaCl2 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1.5x10* cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 24h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibiUon profile for LPS-induced TNF-a production by a 
solution of 0.25M ammonium citrate, pH 7.4. 

2M:1M refers to treated ammonium Citrate solution where for every 2M of ammonium 
Citrate 1 M of CaCI2 was added. ... e 

IM: IM refers to treated ammonium Citrate solution where for every IM ot ammonium 
Citrate IM of CaCI2 was added. 

1 M: 1 .5M refers to treated ammonium Citrate solution where for every 1 M of ammonium 
Citrate 1.5M of CaC12 was added. 

The samples were mixed and the resuhing precipitates were removed by centnfiigalion. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1.5x10* cells/ml containing Ing/ml of LPS was added to each 
well. The cells were harvested 48b post-stimulation and the concentration of TNF-a was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for LPS-induced IL- la production by a 

solution of 0.25M ammonium citrate, pH 7.4. 



2M:1M refers to treated ammonium Citrate solution where for every 2M of ammonium 
Citrate IM of CaC12 was added, 

1M:1M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate IM of CaC12 was added. 

IM: 1.5M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate 1.5M of CaCI2 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates. 1 ml of PBMC at 1.5x10^ celJs/ml containing Ing/ml of LPS v^ras added to each 
well. The cells were harvested 48h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA, 
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Comparison of dose dependent inhibition profile for PHA-induced TNF-a production by 
Nephronin, preparation 1 from experiment 23, treated with CaCI2, 

2M: IM refers to treatment of Nephronin where for ever}' 2M of Na3 Citrate in the preparation, 
IM of CaCl2 was added. 

1M;1M refers to treatment of Nephronin where for every IM of NaSCitrate in tlie preparation, 
IM ofCaC12 was added. 

1M:1.5M refers to treatment of Nephronin where for every IM of NaSCitrate in the 
preparation, 1.5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing S^ig of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 24h post-stimulation and the concentration of TNF-a was 
determined by semdwich ELISA. 



Experiment 24 
Fig 14 



Effect of adding CaCI2 to Nephronin prep 1, and its effect 
on inhibition of PHA-induced IL-1a. 
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Comparison of dose dependent inhibition profile for PHA-induced IL-la production by 
Nephronin, preparation 1 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of Na3Citrate in the preparation 
lMofCaC12 was added. 

IM: IM refers to treatment of Nephronin where for ever>' IM of NaSCitrate in the preparation 
lMofCaC12 was added. 

1M:1.5M refers to treatment of Nephronin where for every IM of Na3Citrate in the 
preparation, 1.5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^g of PHA. 1 ml of PBMC at 1.5x10** cells/ml was then added to 
each well. The cells were harvested 24h post-stimulation and the concentration of IL-la was 
determmed by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for PHA-induced TNF-a production by 
Nephronin, preparation 1 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of Na3 Citrate in the preparation, 
IM of CaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of Na3 Citrate in the preparation, 
IM of CaC12 was added. 

IM: 1.5M refers to treatment of Nephronin where for every IM of Na3Citrate in the 
preparation, 1.5M of CaC12 was added. 

TTie samples were mixed and the resulting precipitates were removed by centrifiigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5\xg of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. Tlie cells were harvested 48h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELISA, 
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Comparison of dose dependent inhibition profile for PHA-induced IL-la production by 
Nephronin, preparation 1 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of NaSCitrate in the preparation 
lMofCaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of NaSCitrate in the preparation 
1 M of CaC12 was added. 

1M:1.5M refers to treatment of Nephronin where for every IM of Na3Citrate in the 
preparation, 1.5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifiigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^g of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 48h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for PHA-induced TNF-a production by 
Nephronin, preparation 4 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of NaSCitrate in the preparation, 
lMofCaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of Na3Citrate in the preparation, 
IM of CaC12 was added, 

IM: 1.5M refers to treatment of Nephronin where for every IM of NaBCitrate in the 
preparation, 1.5M of CaCI2 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^g of PHA. 1 ml of PBMC at 1.5x10^ cells/ml weis then added to 
each well. The cells were harvested 24h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for PHA-induced IL-la production by 
Nephronin, preparation 4 from experiment 23, treated with CaC12. 

2M: IM refers to treatment of Nephronin where for every 2M of Na3 Citrate in the preparation 
lMofCaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of Na3Citrate in the preparation 
IM of CaC12 was added. 

IM: 1 .5M refers to treatment of Nephronin where for every IM of NaSCitrate in the 
preparation, 1.5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^g of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 24h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Comparison of dose dependent inhibition profile for PHA-induced TNF-a production by 
Nephronin, preparation 4 from experiment 23, treated with CaC12. 

2M:1M refers to treatment of Nephronin where for every 2M of NaSCitrate in the preparation, 
lMofCaC12 was added. 

IM:1M refers to treatment of Nephronin where for every IM of Na3Citrate in the preparation, 
1 M of CaC12 was added. 

IM: 1 .5M refers to treatment of Nephronin where for ever>' IM of NaSCitrate in the 
preparation, 1.5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^ig of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 48h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELISA. 
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Effect of adding CaCI2 to Nephronin Prep 4, and Its effect 
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Comparison of dose dependent inhibition profile for PHA-induced IL-la production by 
Nephronin, preparation 4 from experiment 23, treated with CaC12. 

2M: IM refers to treatment of Nephronin where for every 2M of Na3Citrate in the preparation 
lMofCaC12 was added. 

1M:1M refers to treatment of Nephronin where for every IM of NaSCitrate in the preparation 
lMofCaC12 was added. 

IM: 1 .5M refers to treatment of Nephronin where for every IM of NaSCitrate in the 
preparation, 1 .5M of CaCI2 was added. 

The samples were mixed and the resulting precipitates were removed by centriftigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^g of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 48h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Effect of adding CaCI2 to Citrate and its effect on inhibition 
of PHA-induced TNF-a. 
24h Post-stimulation 
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Comparison of dose dependent inhibition profile for PHA-induced TNF-a production by a 
solution of 0.25M ammonium citrate, pH 7.4, 

2M: IM refers to treated ammonium Citrate solution where for every 2M of ammonium 
Citrate 1 M of CaC12 was added. 

IM: IM refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate IM of CaC12 was added. 

1M:1.5M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate 1 .5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed b}' centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5}ig of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 24h post-stimulation and the concentration of TNF-a was 
determined by sandvvich ELIS A.s 
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Effect of adding CaCI2 to Citrate and its effect on 
inhibition of PHA-induced IL-1a. 
24h Post-stimulation 
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Comparison of dose dependent inhibition profile for PHA-induced IL-la production by a 
solution of 0.25M ammonium citrate, pH 7.4. 

2M:1M refers to treated ammonium Citrate solution where for every 2M of ammonium 
Citrate IM of CaC12 was added. 

1M:1M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate IM of CaC12 was added. 

1M:1.5M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate 1.5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifiigation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^ig of PHA. 1 ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 24h post-stimulation and the concentration of IL-la was 
determined by sandwich ELISA. 
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Effect of adding CaCI2 to Citrate and its effect on PHA- 
InducedTNF-tt- 
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Comparison of dose dependent inhibition profile for PHA-induced TNF-a production b)^ a 
solution of 0.25M ammonium citrate, pH 7.4. 

2M: IM refers to treated ammonium Citrate solution where for everj^ 2M of ammonium 
Citrate IM of CaC12 was added. 

1M;1M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate IM of CaC12 was added. 

IM: 1 .5M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate 1.5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifugation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^ig of PHA. 1 ml of PBMC at 1.5x10^ cells/mi was then added to 
each well. The cells were harvested 48h post-stimulation and the concentration of TNF-a was 
determined by sandwich ELIS A: 
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Effect of adding CaCI2 to Citrate and its effect on PHA- 
induced IL-1a. 
48h Post-stimulation 
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Comparison of dose dependent inhibition profile for PHA-induced IL-la production by a 
solution of 0.25M ammonium citrate, pH 7.4. 

2M: IM refers to treated ammonium Citrate solution where for evety 2M of ammonium 
Citrate IM of CaC12 was added. 

1M:IM refers to treated ammonium Citrate solution where for every' IM of ammonium 
Citrate IM of CaC12 was added. 

1M:1.5M refers to treated ammonium Citrate solution where for every IM of ammonium 
Citrate 1 .5M of CaC12 was added. 

The samples were mixed and the resulting precipitates were removed by centrifligation. 

In each case, the indicated volume of each sample was added to chambers of 24 well tissue 
culture plates containing 5^g of PHA. I ml of PBMC at 1.5x10^ cells/ml was then added to 
each well. The cells were harvested 48h post-stimulation and the concentration of IL-la wa 
determined by sandwich ELISA. 
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effect of adding CaCI2 to IMephronin and citrate and their 
effect on inhibition of SpeA and Spe B induced TNF- ^. 
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Comparison of inhibitory effects of tvvo preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
IM: IM ratio of CaC12 on the basis of concentration of Na3 Citrate in the Nephronin 
preparations. 

50ng of SpeA and SpeB were added to the appropriate chambers of the tissue culture plates. 
1Q^1 of the preparations was added to the chambers. 1 ml of PBMC at 1.5x10^ cells/ml was 
then added to each well. The cells were harvested 24h post-stimulation and the concentration of 
TNF-a was determined by sandwich ELISA. 
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Effect of adding CaCI2 to Nephronin and citrate and their 
effect on SpeA and SpeB induced TfiF-^, 
48h Post-stimulation 
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Comparison of inhibitory effects of two preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
IM: IM ratio of CaC12 on the basis of concentration of Na3Citrate in the Nephronin 
preparations. 

50ng of SpeA and SpeB were added to the appropriate chambers of the tissue culture plates. 
lOul of the preparations was added to the chambers. 1 ml of PBMC at 1.5x10^ cells/ml was 
then added to each well. The cells were harvested 48h post-stimulation and the concentration of 
TNF-a was determined by sandwich ELISA. 
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Effect of adding CaCI2 to Nephronin and Citrate and their 
effect on Spe A and Spe B induced TIMF-ot- 
24h Post-stimulation 




Comparison of inhibitory effects of two preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
IM: IM ratio of CaC12 on the basis of concentration of Na3 Citrate in the Nephronin 
preparations. 

50ng of SpeA and SpeB were added to the appropriate chambers of the tissue culture plates. 
30uil of tlie preparations was added to the chambers. 1 ml of PBMC at 1 .5x10^ cells/ml was 
then added to each well. The cells were harvested 24h post-stimulation and the concentration of 
TNF-a was determined by sandwich ELISA. 
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Effect of adding CaCI2 to Nephronin and Citrate and their 
effect on SpeA and SpeB induced TNF-ot. 
48h Post-stimulation 
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Comparison of inliibitory effects of two preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
IM; IM ratio of CaC12 on the basis of concentration of Na3 Citrate in the Nephronin 
preparations. 

50ng of SpeA and SpeB were added to the appropriate chambers of the tissue culture plates. 
30^il of the preparations was added to the chambers. 1 ml of PBMC at 1.5x10^ cells/ml was 
then added to each well. The cells were harvested 48h post-stimulation and the concentration of 
TNF-a was determined by sandwich ELISA. 
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effect of addeing CaCI2to Nephronin and citrate and their 
effectsonlnhibitionof SpeAand Spe B induced IL-la- 
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Comparison of inhibitory effects of two preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
1M:1M ratio of CaC12 on the basis of concentration of Na3 Citrate in the Nephronin 
preparations. 

50ng of SpeA and SpeB were added to the appropriate chambers of the tissue culture plates. 
lOjxl of the preparations was added to the chambers, 1 ml of PBMC at 1.5x10^ cells/ml was 
then added to each well. The cells were harvested 24h post-stimulation and the concentration of 
IL-la was determined by Scmdwich ELISA. 
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effect of adding CaCI2 to Nephronin and Citrate and their 
effect on SpeA and SpeB induced IL-1 • 
48h Post-stimulation 




Comparison of inhibitory effects of two preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
IM: IM ratio of CaC12 on the basis of concentration of Na3Citrate in tlie Nephronin 
preparations. 

50ng of SpeA and SpeB were added to the appropriate chambers of the tissue culture plates. 
1Q^1 of the preparations was added to the chambers. 1 ml of PBMC at 1.5x10^ cells/ml was 
then added to each well. The cells were harvested 48h post-stimulation and the concentration of 
IL-1 a was determined by sandwich ELISA. 
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Experiment 24 
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Effect of adding CaCI2 to Nephronin and Citrate and their 
effect on Spe A and Spe B induced IL-I^^- 
24h Post-stimulation 




Comparison of inliibitor\' effects of two preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
1M:1M ratio of CaC12 on the basis of concentration of Na3Citrate in the Nephronin 
preparations. 

50ng of SpeA and SpeB were added to the appropriate chambers of the tissue culture plates. 
3 Qui of the preparations was added to the chambers. 1 ml of PBMC at 1.5x10^ cells/ml was 
then added to each well. The cells were harvested 24h post-stimulation and the concentration of 
IL-la was determined by sandwich ELISA. 
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Effect of adding CaCI2 to Nephronin and Citrate and their 
effect on SpeA and SpeB Induced \L-^^^. 
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Comparison of inhibitory effects of two preparations of Nephronin preps 1 and 4, from 
experiment 23 and 0.25M ammonium citrate. The effect of the same samples treated with 
1M:1M ratio of CaC12 on the basis of concentration of Na3 Citrate in the Nephronin 
preparations. 

50ng of SpeA and SpeB were added to tlie appropriate chambers of the tissue culture plates, 
30^ of the preparations was added to the chambers. 1 ml of PBMC at 1,5x10^ cells/ml was 
then added to each well. The cells were harvested 48h post-stimulation and the concentration of 
IL-la was determined by sandwich ELISA. 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the appHcant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 
^PISLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^P^INES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



THIS PAGE BLANK (uspto) 



